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1
METHOD FOR PRODUCING
SEMICONDUCTOR APPARATUS SUBSTRATE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a production method when
a transistor and a circuit are formed on a semiconductor
apparatus substrate in a process of producing a semiconduc-
tor apparatus.

2. Description of the Related Art

Higher integration of a semiconductor apparatus has been
achieved by miniaturization of a pattern dimension with the
shorter wavelength of lithography light source and selection
of'aresist composition suitable for the wavelength. However,
delay of EUV exposure techniques slows the miniaturization
in pattern dimension due to the shorter wavelength of light
source. The latest research and development about the higher
integration of a semiconductor apparatus focus on lamination
of the semiconductor apparatus through a penetrating wiring
and formation of a three-dimensional transistor. In particular,
the three-dimensional transistor is noticed in terms of motion
at high speed and low power consumption, in addition to the
higher integration of the semiconductor apparatus.

Since a substrate for forming a planar transistor has rela-
tively small unevenness, a single-layer resist process and
patterning of an organic antiretlective film and a single layer
resist (hereinafter referred to two-layer process) is mainly
used as a conventional process for producing the planar tran-
sistor. However, a more three-dimensional structure is formed
in a process of producing a three-dimensional transistor of
FinFET structure. Therefore, the substrate of the transistor
has larger unevenness as compared with the planar transistor.
Forming this structure by the conventional two-layer process
is made difficult.

As one of methods for solving the problem, a pattern
formed by a three-layer process has been investigated. The
three-layer process is a process in which a resist under layer
film having an etching selectivity different from that of a
photoresist film (i.e. a resist upper layer film) is interposed
between the resist upper layer film and an organic under layer
film, a pattern is formed with the resist upper layer film, the
pattern is then transferred to the resist under layer film by dry
etching using the upper layer resist as an etching mask, the
pattern is transferred to the organic under layer film by dry
etching using the pattern as an etching mask, and the pattern
is transferred to a substrate to be processed by dry etching
using the pattern as an etching mask. A silicon-containing
film having good etching selectivity between both the resist
upper layer film and the organic under layer film is usually
used for the resist under layer film (Patent Document 1).

Specifically, in the three-layer process, a large uneven sub-
strate for forming a three-dimensional transistor is made flat
using an organic under layer film having appropriate thick-
ness, a silicon-containing resist under layer film is placed as a
hard mask to process the organic under layer film, a pattern is
transferred to the silicon-containing resist under layer film
using the pattern formed with an upper layer resist as an
etching mask, and the organic under layer film is processed
using the transferred pattern as a mask. The process has been
widely used in a wiring process of the semiconductor appa-
ratus.
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2
PRIOR ART DOCUMENTS

Patent Documents

Patent Document 1: Japanese Patent [Laid-Open Publication
No. 2007-199653

SUMMARY OF THE INVENTION

In order to apply the three-layer process to a process for
forming a three-dimensional transistor, it is necessary that a
silicon-containing resist under layer film and an organic
under layer film that have been used as a mask for ion implan-
tation (hereinafter, the layers are also referred to as under
layer film residue) be removed without causing damage to a
substrate. In the conventional wiring process, the under layer
film residue can be removed by dry etching. However, There
is a problem, in a transistor forming process, that removing
the under layer film residue by dry etching causes damage to
the substrate.

The present invention was made in view of the above
situation, and has an object to provide a method for producing
a semiconductor apparatus substrate using a silicon-contain-
ing film, in which an organic under layer film pattern formed
by dry etching on which a part of or all of the silicon-contain-
ing film remains is used as a mask for ion implantation, and
wet peeling can be easily carried out with a peeling liquid
without causing damage to the semiconductor apparatus sub-
strate.

In order to solve the problem, the present invention pro-
vides a method for producing a semiconductor apparatus
substrate including the steps of:

(1) forming an organic under layer film on a substrate to be
processed for producing a semiconductor apparatus, and
applying a composition for forming a silicon-containing film
on the organic under layer film, followed by heating, to form
a silicon-containing film having a silicon content of 1% by
mass or more and 30% by mass or less;

(2) applying a resist composition on the silicon-containing
film to form a resist film, the resist composition containing a
polymer whose polarity is changed by an acid action to
change solubility thereof, in a developer;

(3) forming a resist pattern by exposing and developing the
resist film;

(4) transferring the pattern to the silicon-containing film by
dry etching using the resist pattern as a dry etching mask;

(5) transferring the pattern to the organic under layer film
by dry etching using the silicon-containing film to which the
pattern has been transferred as a dry etching mask, to leave a
part of or all of the silicon-containing film after the pattern
transferring, on the organic under layer film to which the
pattern has been transferred;

(6) implanting ions into the substrate to be processed for
producing a semiconductor apparatus using the organic under
layer film to which the pattern has been transferred as a mask;
and

(7) peeling the organic under layer film used as the mask
for ion implantation on which a part of or all of the silicon-
containing film remains, with a peeling liquid.

According the method for producing a semiconductor
apparatus substrate, the mask used for ion implantation can be
easily peeled with the peeling liquid without causing damage
to the semiconductor apparatus substrate in a method for
producing a semiconductor apparatus substrate using a sili-
con-containing film having excellent pattern adhesion.

Inthe step (6), ions can be implanted into the substrate to be
processed for producing a semiconductor apparatus using the
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pattern formed from a part of or all of the silicon-containing
film and the organic under layer film as a mask.

Thus, ion implantation can be carried out using the pattern
formed from the silicon-containing film and the organic under
layer film as a mask in the present invention.

In the step (7), it is preferable that the organic under layer
film used as the mask for ion implantation on which a part of
orall ofthe silicon-containing film remains be peeled with the
peeling liquid at a time.

This peeling at a time can achieve more efficient peeling.

It is preferable that the peeling liquid contain hydrogen
peroxide.

Such a peeling liquid is particularly suitable for peeling of
the silicon-containing film.

It is preferable that the peeling liquid contain sulfuric acid.

Use of the peeling liquid containing sulfuric acid can pro-
mote peeling.

In the step (7), it is preferable that the treatment with the
peeling liquid be followed by peeling with another peeling
liquid containing fluorine ions.

As a result, the mask used for ion implantation can be
peeled more accurately.

In the step (7), it is preferable that the treatment with the
peeling liquid be followed by cleaning with a cleaning liquid
containing ammonia.

As aresult, impurities attached to the semiconductor appa-
ratus substrate after the peeling can be removed.

It is preferable that the substrate to be processed for pro-
ducing a semiconductor apparatus be a semiconductor appa-
ratus substrate on which a part of or all of semiconductor
circuit is formed or a material in which any of a metal film, an
amorphous metal film, a metal carbide film, a metal oxide
film, a metal nitride film, a metal oxycarbide film, and a metal
oxynitride film is formed on the semiconductor apparatus
substrate.

It is preferable that the metal contain silicon, titanium,
tungsten, hafnium, zirconium, chromium, germanium, cop-
per, silver, gold, aluminum, indium, gallium, arsenic, palla-
dium, iron, tantalum, iridium, molybdenum, or an alloy
thereof.

In the present invention, such a substrate to be processed
for producing a semiconductor apparatus can be suitably
used.

It is preferable that the ion used for the ion implantation be
any of boron, phosphorous, arsenic, carbon, nitrogen, oxy-
gen, fluorine, argon, silicon, gallium, germanium, indium,
and antimony.

Such an ionic species is suitable for ion to be implanted.

It is preferable that the composition for forming a silicon-
containing film contains at least a polysiloxane and a solvent.

Since a high-quality silicon-containing film can be formed
from such a composition for forming a silicon-containing
film, the composition can be suitably used in the present
invention.

It is preferable that the polysiloxane have a crosslinkable
organic group.

When the polysiloxane has a crosslinkable organic group,
a silicon-containing film having better adhesion can be
formed.

It is preferable that the crosslinkable organic group be any
of an epoxy group, a phenol group, and a naphthol group.

Due to such a crosslinkable organic group, a silicon-con-
taining film having good adhesion can be accurately formed.

It is preferable that the polysiloxane have a halogenated
organic group.

When the polysiloxane has the halogenated organic group,
the mask used for ion implantation can be accurately peeled.
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It is preferable that halogen in the halogenated organic
group be fluorine or chlorine.

Due to such a halogenated organic group, the mask used for
ion implantation can be more accurately peeled.

The composition for forming a silicon-containing film may
further contain an acid generator which generates an acid by
an action of heat, light, or both.

The composition for forming a silicon-containing film may
further contain an organic compound containing fluorine.

The composition for forming a silicon-containing film may
further contain a crosslinker.

Thus, the composition for forming a silicon-containing
film used in the present invention may contain the additives
described above.

According to the method for producing a semiconductor
apparatus substrate of the present invention, by adjusting the
silicon content in a silicon-containing film within a predeter-
mined range, an organic under layer film can be peeled and
removed, for example, with a peeling liquid, together with a
part of or all of the silicon-containing film that may remain on
the organic under layer film. Therefore, even when the pattern
formed from the silicon-containing film and the organic under
layer film is used as a mask for ion implantation, wet peeling
with a peeling liquid can be easily carried out after ion
implantation without causing damage to the semiconductor
apparatus substrate. Since processing is carried out by a three-
layer process without causing damage to the ion-implanted
substrate, the present invention is particularly suitable for
production of a three-dimensional transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is a flow chart showing one example of a method for
producing a semiconductor apparatus substrate of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

As described above, development of the method for pro-
ducing a semiconductor apparatus substrate using a silicon-
containing film, in which a mask used for ion implantation
can be easily peeled with a peeling liquid without causing
damage to the semiconductor apparatus substrate is required.

The present inventors have intensively investigated to
solve the problems, and as a result, found that in a method in
which ion implantation is carried out using an organic under
layer film on which a silicon-containing film remains as a
mask and the mask (under layer film residue) is then removed,
by adjusting the silicon content in the silicon-containing film
to 1% by mass or more and 30% by mass or less, and the
ion-implanted substrate is treated with a peeling liquid, wet
peeling can be easily carried out without causing damage to
the substrate. Thus, the present invention has been accom-
plished.

That is, the present invention is a method for producing a
semiconductor apparatus substrate including the steps of:

(1) forming an organic under layer film on a substrate to be
processed for producing a semiconductor apparatus, and
applying a composition for forming a silicon-containing film
on the organic under layer film, followed by heating, to form
a silicon-containing film having a silicon content of 1% by
mass or more and 30% by mass or less;

(2) applying a resist composition on the silicon-containing
film to form a resist film, the resist composition containing a
polymer whose polarity is changed by an acid action to
change solubility thereof in a developer;
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(3) forming a resist pattern by exposing and developing the
resist film;

(4) transferring the pattern to the silicon-containing film by
dry etching using the resist pattern as a dry etching mask;

(5) transferring the pattern to the organic under layer film
by dry etching using the silicon-containing film to which the
pattern has been transferred as a dry etching mask, to leave a
part of or all of the silicon-containing film after the pattern
transferring, on the organic under layer film to which the
pattern has been transferred;

(6) implanting ions into the substrate to be processed for
producing a semiconductor apparatus using the organic under
layer film to which the pattern has been transferred as a mask;
and

(7) peeling the organic under layer film used as the mask
for ion implantation on which a part of or all of the silicon-
containing film remains, with a peeling liquid.

Hereinafter, the present invention will be described in
detail, but the present invention is not limited to these.

Herein, “Me” represents a methyl group, “Et” represents
an ethyl group, and “Ac” represents an acetyl group.
[Substrate to be Processed for Producing a Semiconductor
Apparatus]

In the present invention, as the substrate to be processed for
producing a semiconductor apparatus (i.e. the body to be
processed), a semiconductor apparatus substrate on which a
part of or all of semiconductor circuit is formed or a material
in which any of a metal film, an amorphous metal film, a metal
carbide film, a metal oxide film, a metal nitride film, a metal
oxycarbide film, and a metal oxynitride film is formed on the
semiconductor apparatus substrate as an layerto be processed
(i.e. a portion to be processed) may be preferably used.

As the semiconductor apparatus substrate, a silicon sub-
strate is generally used, but it is not particularly limited
thereto, and a material such as Si, amorphous silicon (a.-Si),
p-Si, Si0,, SiN, SiON, W, TiN, Al, etc., and different in the
material from the layer to be processed may be used.

Examples of a metal constituting the body to be processed
include silicon, titanium, tungsten, hafnium, zirconium, chro-
mium, germanium, copper, silver, gold, aluminum, indium,
gallium, arsenic, palladium, iron, tantalum, iridium, molyb-
denum, and an alloy thereof. The layer to be processed con-
taining such a metal may be made of Si, SiO,, SiN, SiON,
SiOC, p-Si, a-Si, TiN, BPSG, SOG, Cr, CrO, CrON, MoSi,
W, W—Si, Al, Cu, A1—Si, or the like; various low dielectric
constant films, or etching stopper film thereof. The thickness
of'the layer is preferably in the range of 50 to 10,000 nm, and
more preferably 100 to 5,000 nm.

[Organic Under Layer Film]

The organic under layer film formed on the substrate to be
processed for producing a semiconductor apparatus in the
present invention may be formed from a known material by a
known method, and is not particularly limited so long as it can
be peeled with a peeling liquid described below. The thick-
ness of the organic under layer film is not particularly limited,
and is preferably about 100 nm to about 500 nm.
[Silicon-Containing Film]

The silicon-containing film formed on the organic under
layer film in the present invention may be formed by applying
the composition for forming a silicon-containing film, fol-
lowed by heating. The silicon content in the silicon-contain-
ing film needs to be 1% by mass or more and 30% by mass or
less. The silicon content will be described below.

In the present invention, it is preferable that the composi-
tion for forming a silicon-containing film contain at least a
polysiloxane and a solvent.
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The polysiloxane contained in the composition for forming
a silicon-containing film used in the present invention pref-
erably contains one or more members selected from a com-
pound represented by the formula (A-1), a hydrolysate of the
compound, a condensate of the compound, and a hydrolysis
condensate of the compound,

RIAAIRMA2R3AA3Si(OR0A)(4—A1—A2—A3) (A_l)

wherein R%* represents a hydrocarbon group having 1 to 6
carbon atoms; R'#, R*4, and R>* each represent a hydrogen
atom or a monovalent organic group; and Al, A2, and A3 are
each 0 or 1, and satisfy O=A1+A2+A3<3.

A hydrolysable silicon compound (alkoxy silane) repre-
sented by the formula (A-1) used as a raw material (stating
material) of the polysiloxane can be exemplified by the fol-
lowing.

Iustrative examples of tetraalkoxy silane include tet-
ramethoxy silane, tetraethoxy silane, tetrapropoxy silane, tet-
raisopropoxy silane, etc.

Iustrative examples of trialkoxy silane include tri-
methoxy silane, triethoxy silane, tripropoxy silane, triisopro-
poxy silane, methyl trimethoxy silane, methyl triethoxy
silane, methyl tripropoxy silane, methyl triisopropoxy silane,
ethyl trimethoxy silane, ethyl triethoxy silane, ethyl tripro-
poxy silane, ethyl triisopropoxy silane, vinyl trimethoxy
silane, vinyl triethoxy silane, vinyl tripropoxy silane, vinyl
triisopropoxy silane, propyl trimethoxy silane, propyl tri-
ethoxy silane, propyl tripropoxy silane, propyl triisopropoxy
silane, isopropyl trimethoxy silane, isopropyl triethoxy
silane, isopropyl tripropoxy silane, isopropyl triisopropoxy
silane, butyl trimethoxy silane, butyl triethoxy silane, butyl
tripropoxy silane, butyl triisopropoxy silane, s-butyl tri-
methoxy silane, s-butyl triethoxy silane, s-butyl tripropoxy
silane, s-butyl triisopropoxy silane, t-butyl trimethoxy silane,
t-butyl triethoxy silane, t-butyl tripropoxy silane, t-butyl tri-
isopropoxy silane, cyclopropyl trimethoxy silane, cyclopro-
py! triethoxy silane, cyclopropyl tripropoxy silane, cyclopro-
pyl triisopropoxy silane, cyclobutyl trimethoxy silane,
cyclobutyl triethoxy silane, cyclobutyl tripropoxy silane,
cyclobutyl triisopropoxy silane, cyclopentyl trimethoxy
silane, cyclopentyl triethoxy silane, cyclopentyl tripropoxy
silane, cyclopentyl triisopropoxy silane, cyclohexyl tri-
methoxy silane, cyclohexyl triethoxy silane, cyclohexyl
tripropoxy silane, cyclohexyl triisopropoxy silane, cyclohex-
enyl trimethoxy silane, cyclohexenyl triethoxy silane, cyclo-
hexenyl tripropoxy silane, cyclohexenyl triisopropoxy silane,
cyclohexenylethyl trimethoxy silane, cyclohexenylethyl tri-
ethoxy silane, cyclohexenylethyl tripropoxy silane, cyclo-
hexenylethyl triisopropoxy silane, cyclooctyl trimethoxy
silane, cyclooctyl triethoxy silane, cyclooctyl tripropoxy
silane, cyclooctyl triisopropoxy silane, cyclopentadienylpro-
pyl trimethoxy silane, cyclopentadienylpropyl triethoxy
silane, cyclopentadienylpropyl tripropoxy silane, cyclopen-
tadienylpropyl triisopropoxy silane, bicycloheptenyl tri-
methoxy silane, bicycloheptenyl triethoxy silane, bicyclo-
heptenyl tripropoxy silane, bicycloheptenyl triisopropoxy
silane, bicycloheptyl trimethoxy silane, bicycloheptyl tri-
ethoxy silane, bicycloheptyl tripropoxy silane, bicycloheptyl
triisopropoxy silane, adamantyl trimethoxy silane, adaman-
tyl triethoxy silane, adamantyl tripropoxy silane, adamantyl
triisopropoxy silane, phenyl trimethoxy silane, phenyl tri-
ethoxy silane, phenyl tripropoxy silane, phenyl triisopropoxy
silane, benzyl trimethoxy silane, benzyl triethoxy silane, ben-
zyl tripropoxy silane, benzyl triisopropoxy silane, tolyl tri-
methoxy silane, tolyl triethoxy silane, tolyl tripropoxy silane,
tolyl triisopropoxy silane, anisyl trimethoxy silane, anisyl
triethoxy silane, anisyl tripropoxy silane, anisyl triisopro-
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poxy silane, phenethyl trimethoxy silane, phenethyl triethoxy
silane, phenethyl tripropoxy silane, phenethyl triisopropoxy
silane, naphthyl trimethoxy silane, naphthyl triethoxy silane,
naphthyl tripropoxy silane, naphthyl triisopropoxy silane,
etc.

Tlustrative examples of dialkoxy silane include dimethyl
dimethoxy silane, dimethyl diethoxy silane, methyl ethyl
dimethoxy silane, methyl ethyl diethoxy silane, dimethyl
dipropoxy silane, dimethyl diisopropoxy silane, diethyl
dimethoxy silane, diethyl diethoxy silane, diethyl dipropoxy
silane, diethyl diisopropoxy silane, dipropyl dimethoxy
silane, dipropyl diethoxy silane, dipropyl dipropoxy silane,
dipropyl diisopropoxy silane, diisopropyl dimethoxy silane,
diisopropyl diethoxy silane, diisopropyl dipropoxy silane,
diisopropyl diisopropoxy silane, dibutyl dimethoxy silane,
dibutyl diethoxy silane, dibutyl dipropoxy silane, dibutyl
diisopropoxy silane, di-s-butyl dimethoxy silane, di-s-butyl
diethoxy silane, di-s-butyl dipropoxy silane, di-s-butyl diiso-
propoxy silane, di-t-butyl dimethoxy silane, di-t-butyl
diethoxy silane, di-t-butyl dipropoxy silane, di-t-butyl diiso-
propoxy silane, dicyclopropyl dimethoxy silane, dicyclopro-
py! diethoxy silane, dicyclopropyl dipropoxy silane, dicyclo-
propyl diisopropoxy silane, dicyclobutyl dimethoxy silane,
dicyclobutyl diethoxy silane, dicyclobutyl dipropoxy silane,
dicyclobutyl diisopropoxy silane, dicyclopentyl dimethoxy
silane, dicyclopentyl diethoxy silane, dicyclopentyl dipro-
poxy silane, dicyclopentyl diisopropoxy silane, dicyclohexyl
dimethoxy silane, dicyclohexyl diethoxy silane, dicyclohexyl
dipropoxy silane, dicyclohexyl diisopropoxy silane, dicyclo-
hexenyl dimethoxy silane, dicyclohexenyl diethoxy silane,
dicyclohexenyl dipropoxy silane, dicyclohexenyl diisopro-
poxy silane, dicyclohexenylethyl dimethoxy silane, dicyclo-
hexenylethyl diethoxy silane, dicyclohexenylethyl dipropoxy
silane, dicyclohexenylethyl diisopropoxy silane, dicyclooc-
tyl dimethoxy silane, dicyclooctyl diethoxy silane, dicy-
clooctyl dipropoxy silane, dicyclooctyl diisopropoxy silane,
dicyclopentadienylpropyl dimethoxy silane, dicyclopentadi-
enylpropyl diethoxy silane, dicyclopentadienylpropyl dipro-
poxy silane, dicyclopentadienylpropyl diisopropoxy silane,
bis(bicycloheptenyl)dimethoxy silane, bis(bicycloheptenyl)
diethoxy silane, bis(bicycloheptenyl)dipropoxy silane, bis
(bicycloheptenyl)diisopropoxy silane, bis(bicycloheptyl)

dimethoxy silane, bis(bicycloheptyl) diethoxy silane, bis(bi-
cycloheptyl)dipropoxy silane, bis(bicycloheptyl)
diisopropoxy silane, diadamantyl dimethoxy silane,

diadamantyl diethoxy silane, diadamantyl dipropoxy silane,
diadamantyl diisopropoxy silane, diphenyl dimethoxy silane,
diphenyl diethoxy silane, methyl phenyl dimethoxy silane,
methyl phenyl diethoxy silane, diphenyl dipropoxy silane,
dipheny] diisopropoxy silane, etc.

Tlustrative examples of monoalkoxy silane include trim-
ethyl methoxy silane, trimethyl ethoxy silane, dimethyl ethyl
methoxy silane, dimethyl ethyl ethoxy silane, dimethyl phe-
nyl methoxy silane, dimethyl phenyl ethoxy silane, dimethyl
benzyl methoxy silane, dimethyl benzyl ethoxy silane, dim-
ethyl phenethyl methoxy silane, dimethyl phenethyl ethoxy
silane, etc.

Other examples of the compound represented by the for-
mula (A-1) include those having the following structures
whose silicon is bonded to one to three methoxy groups,
ethoxy groups, propoxy groups, butoxy groups, pentoxy
groups, cyclopentoxy groups, hexyloxy groups, cyclohexy-
loxy groups, and phenoxy groups as hydrolysable group,
OR®4. Hereinafter, (Si) in the formula is described to show
the bonding sites to the Si atom.
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The polysiloxane contained in the composition for forming
a silicon-containing film used in the present invention pref-
erably contains a halogenated organic group. When the halo-
genated organic group is contained in the polysiloxane, the
mask used for ion implantation can be accurately peeled.
Preferably, halogen atom in the halogenated organic group is
a fluorine atom or a chlorine atom.

(Sl)

The organic group in which the hydrogen atom(s) of the
organic group represented by R'4, R*%, and R*># in the for-
mula (A-1) is/are substituted by a halogen atom(s) can be
exemplified by the following.
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Other example of the organic groups represented by the
above R, R*, and R** includes an organic group having
one or more of a carbon-oxygen single bond or a carbon-
oxygen double bond. Specifically, an organic group having
one or more of a group selected from the group consisting of
an epoxy group, an ester group, an alkoxy group, and a
hydroxyl group may be mentioned. Illustrative example of
this organic group includes an organic group represented by
the following formula (A-2).

P-Qr-(8)y1-Q27)u (112~ Q3-(Sp)3-Qua- (A-2)

wherein P represents a hydrogen atom,

epoxy ring: (CH,CH—),
\/

a hydroxyl group, an alkoxy group having 1 to 4 carbon
atoms, an alkylcarbonyloxy group having 1 to 6 carbon
atoms, or an alkylcarbonyl group having 1 to 6 carbon atoms;
each of Q;, Q,, Q;, and Q, independently represent
—C,H,, »P,—, wherein P has the same meaning as defined
above, p represents an integer of 0 to 3, q represents an integer
0tf'0 to 10 (with the proviso that =0 means a single bond); u
represents an integer of 0 to 3; each of S, and S, indepen-
dently represent —O—, —CO—, —OCO—, —COO—, or
—OCOO—. Each of v1, v2, and v3 independently represent
0 or 1. Concurrently with the above, T represents divalent
group comprising an alicycle or an aromatic ring optionally
containing a heteroatom, and illustrative examples of the
alicycle or the aromatic ring T optionally containing a het-
eroatom such as an oxygen atom include those shown below.
In T, a bonding site between Q, and Q5 is not particularly
restricted; and the site is appropriately selected by consider-
ing reactivity due to steric factors, availability of commer-

cially reagents, and so on.
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Preferable examples of the organic group having one or
more of a carbon-oxygen single bond or a carbon-oxygen
double bond in the above formula (A-2) include those shown
below.
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The polysiloxane contained in the composition for forming
a silicon-containing film used in the present invention pref-
erably contains a crosslinkable organic group. That is, among
the above organic groups, those having the crosslinkable
organic group are especially preferable. That is, among the
above organic groups, those having a crosslinkable organic
group are especially preferable. When such a crosslinkable
organic group is contained in the polysiloxane, a silicon-
containing film having better adhesion can be formed. Pref-
erably, the crosslinkable organic group is any of an epoxy
group, a phenol group, and a naphthol group.

Further, the organic groups represented by R4, R*, and

R** may be an organic group having a Si—Si bond. Illustra-
tive examples thereof is shown below.

CH; CH;
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The polysiloxane contained in the composition for forming
a silicon-containing film of the present invention may contain
a hydrolysable metal compound represented by the formula
(A-3) as a starting material, in addition to the compound
represented by the formula (A-1),

LY{OR™) 14(OR>*) 45(0) 46 (A-3)

wherein R** and R> represent a hydrogen atom or an organic
group having 1 to 30 carbon atoms; A4, AS, and A6 represent
an integer of 0 or more, and A4+AS5S+A6 is a number of
valency determined by L'; and L' represents an element
belonging to the group 111, IV, or V in the periodic table except
for a carbon.

Examples of the hydrolysable metal compound repre-
sented by the formula (A-3) include the following com-
pounds.

In the case that L' is boron, illustrative examples of the
compound represented by the formula (A-3) include boron
methoxide, boron ethoxide, boron propoxide, boron butox-
ide, boron amyloxide, boron hexyloxide, boron cyclopentox-
ide, boron cyclohexyloxide, boron allyloxide, boron phenox-
ide, boron methoxyethoxide, boric acid, and boron oxide.

In the case that L' is aluminum, illustrative examples of the
compound represented by the formula (A-3) include alumi-
num methoxide, aluminum ethoxide, aluminum propoxide,
aluminum butoxide, aluminum amyloxide, aluminum hexy-
loxide, aluminum cyclopentoxide, aluminum cyclohexylox-
ide, aluminum allyloxide, aluminum phenoxide, aluminum
methoxyethoxide, aluminum ethoxyethoxide, aluminum
dipropoxyethyl acetoacetate, aluminum dibutoxyethyl
acetoacetate, aluminum propoxybisethyl acetoacetate, alu-
minum butoxybisethyl acetoacetate, aluminum 2,4-pen-
tanedionate, and aluminum 2,2,6,6-tetramethyl-3,5-hep-
tanedionate.

In the case that L' is gallium, illustrative examples of the
compound represented by the formula (A-3) include gallium
methoxide, gallium ethoxide, gallium propoxide, gallium
butoxide, gallium amyloxide, gallium hexyloxide, gallium
cyclopentoxide, gallium cyclohexyloxide, gallium allylox-
ide, gallium phenoxide, gallium methoxyethoxide, gallium
ethoxyethoxide, gallium dipropoxyethyl acetoacetate, gal-
lium dibutoxyethyl acetoacetate, gallium propoxybisethyl
acetoacetate, gallium butoxybisethyl acetoacetate, gallium
2,4-pentanedionate, and gallium 2,2,6,6-tetramethyl-3,5-
heptanedionate.

In the case that L' is yttrium, illustrative examples of the
compound represented by the formula (A-3) include yttrium
methoxide, yttrium ethoxide, yttrium propoxide, yttrium
butoxide, yttrium amyloxide, yttrium hexyloxide, yttrium
cyclopentoxide, yttrium cyclohexyloxide, yttrium allyloxide,
yttrium phenoxide, yttrium methoxyethoxide, yttrium
ethoxyethoxide, yttrium dipropoxyethyl acetoacetate,
yttrium dibutoxyethyl acetoacetate, yttrium propoxybisethyl
acetoacetate, yttrium butoxybisethyl acetoacetate, yttrium
2,4-pentanedionate, and yttrium 2,2,6,6-tetramethyl-3,5-
heptanedionate.

In the case that L' is germanium, illustrative examples of
the compound represented by the formula (A-3) include ger-
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manium methoxide, germanium ethoxide, germanium pro-
poxide, germanium butoxide, germanium amyloxide, germa-
nium hexyloxide, germanium cyclopentoxide, germanium
cyclohexyloxide, germanium allyloxide, germanium phe-
noxide, germanium methoxyethoxide, and germanium
ethoxyethoxide.

In the case that L' is titanium, illustrative examples of the
compound represented by the formula (A-3) include titanium
methoxide, titanium ethoxide, titanium propoxide, titanium
butoxide, titanium amyloxide, titanium hexyloxide, titanium
cyclopentoxide, titanium cyclohexyloxide, titanium allylox-
ide, titanium phenoxide, titanium methoxyethoxide, titanium
ethoxyethoxide, titanium dipropoxybisethyl acetoacetate,
titanium dibutoxybisethyl acetoacetate, titanium dipropoxy
bis-2,4-pentanedionate, and titanium dibutoxy bis-2,4-pen-
tanedionate.

In the case that L' is hafnium, illustrative examples of the
compound represented by the formula (A-3) include hafnium
methoxide, hatnium ethoxide, hafnium propoxide, hatnium
butoxide, hafnium amyloxide, hafnium hexyloxide, hatnium
cyclopentoxide, hafhium cyclohexyloxide, hafnium allylox-
ide, hafnium phenoxide, hafnium methoxyethoxide, hafnium
ethoxyethoxide, hafnium dipropoxybisethyl acetoacetate,
hafnium dibutoxybisethyl acetoacetate, hafnium dipropoxy-
bis-2,4-pentanedionate, and hafnium dibutoxybis-2,4-pen-
tanedionate.

In the case that L' is tin, illustrative examples of the com-
pound represented by the formula (A-3) include tin methox-
ide, tin ethoxide, tin propoxide, tin butoxide, tin phenoxide,
tin methoxyethoxide, tin ethoxyethoxide, tin 2,4-pentanedi-
onate, and tin 2,2.6,6-tetramethyl-3,5-heptanedionate.

In the case that L' is arsenic, illustrative examples of the
compound represented by the formula (A-3) include arsenic
methoxide, arsenic ethoxide, arsenic propoxide, arsenic
butoxide, and arsenic phenoxide.

In the case that ' is antimony, illustrative examples of the
compound represented by the formula (A-3) include anti-
mony methoxide, antimony ethoxide, antimony propoxide,
antimony butoxide, antimony phenoxide, antimony acetate,
and antimony propionate.

In the case that L' is niobium, illustrative examples of the
compound represented by the formula (A-3) include niobium
methoxide, niobium ethoxide, niobium propoxide, niobium
butoxide, and niobium phenoxide.

In the case that L' is tantalum, illustrative examples of the
compound represented by the formula (A-3) include tantalum
methoxide, tantalum ethoxide, tantalum propoxide, tantalum
butoxide, and tantalum phenoxide.

In the case that L' is bismuth, illustrative examples of the
compound represented by the formula (A-3) include bismuth
methoxide, bismuth ethoxide, bismuth propoxide, bismuth
butoxide, and bismuth phenoxide.

In the case that L' is phosphorous, illustrative examples of
the compound represented by the formula (A-3) include tri-
methyl phosphite, triethyl phosphite, tripropyl phosphite, tri-
methyl phosphate, triethyl phosphate, tripropyl phosphate,
and diphosphorous-pentaoxide.

In the case that L' is vanadium, illustrative examples of the
compound represented by the formula (A-3) include vana-
dium oxide bis(2,4-pentanedionate), vanadium 2.4-pen-
tanedionate, vanadium tributoxide oxide, and vanadium
tripropoxide oxide.

In the case that L' is zirconium, illustrative examples of the
compound represented by the formula (A-3) include zirco-
nium methoxide, zirconium ethoxide, zirconium propoxide,
zirconium butoxide, zirconium phenoxide, zirconium dibu-
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toxide bis(2,4-pentanedionate), and zirconium dipropoxide
bis(2,2,6,6-tetramethyl-3,5-heptanedionate).

One or more compounds mentioned above may be selected
and mixed before or during the reaction to be used as the
starting material (monomer) for producing the polysiloxane.

The polysiloxane used in the composition for forming a
silicon-containing film of the present invention may be pro-
duced, for example, by hydrolysis condensation of the com-
pounds represented by the formula (A-1), and if necessary,
the compounds represented by the formula (A-3), by using
one or more compounds selected from inorganic acid, ali-
phatic sulfonic acid, and aromatic sulfonic acid as an acid
catalyst.

Tlustrative examples of the acid catalyst used for the reac-
tion include hydrofluoric acid, hydrochloric acid, hydrobro-
mic acid, sulfuric acid, nitric acid, perchloric acid, phospho-
ric acid, methanesulfonic acid, benzenesulfonic acid, and
toluenesulfonic acid. The amount of the catalyst to be used is
preferably in the range of 1x107° to 10 mol, more preferably
1x107% to 5 mol, and much more preferably 1x10~* to 1 mol
per 1 mol of the monomers.

The amount of water for obtaining the polysiloxane by
hydrolysis condensation of these monomers is preferably in
the range 0f 0.01 to 100 mol, more preferably 0.05 to 50 mol,
much more preferably 0.1 to 30 mol per 1 mol of a hydrolys-
able substituent bonded to the monomers. If the amountis 100
mol or less, a reaction device does not become excessively
large, therefore it is economical.

As an operation manner, the monomers are added to a
catalyst aqueous solution to start hydrolysis condensation
reaction. In the manner, an organic solvent may be added to
the catalyst aqueous solution, the monomers may be diluted
with an organic solvent, or both may be performed. The
reaction temperature is preferably in the range of 0 to 100° C.,
and more preferably 5 to 80° C. A method including main-
taining the temperature at 5 to 80° C. while the monomers are
added dropwise, and then aging the mixture at 20 to 80° C. is
preferable.

Tlustrative examples of the organic solvent that can be
added to the catalyst aqueous solution, or can dilute the
monomers, include methanol, ethanol, 1-propanol, 2-pro-
panol, 1-butanol, 2-butanol, 2-methyl-1-propanol, ethylene
glycol, propylene glycol, acetone, acetonitrile, tetrahydrofu-
ran, toluene, hexane, ethyl acetate, cyclohexanone, methyl
amyl ketone, butanediol monomethyl ether, propylene glycol
monomethyl ether, ethylene glycol monomethyl ether,
butanediol monoethyl ether, propylene glycol monoethyl
ether, ethylene glycol monoethyl ether, butanediol monopro-
pyl ether, propylene glycol monopropyl ether, ethylene glycol
monopropyl ether, propylene glycol dimethyl ether, diethyl-
ene glycol dimethyl ether, propylene glycol monomethyl
ether acetate, propylene glycol monoethyl ether acetate, ethyl
pyruvate, butyl acetate, methyl 3-methoxy propionate, ethyl
3-ethoxy propionate, t-butyl acetate, t-butyl propionate, pro-
pylene glycol mono-t-butyl ether acetate, y-butyrolactone,
and mixture thereof.

Among them, water-soluble solvents are preferable. Illus-
trative examples thereof include alcohols such as methanol,
ethanol, 1-propanol, and 2-propanol; polyvalent alcohols
such as ethylene glycol and propylene glycol; polyvalent
alcohol condensate derivatives such as butanediol monom-
ethyl ether, propylene glycol monomethyl ether, ethylene
glycol monomethyl ether, butanediol monoethyl ether, pro-
pylene glycol monoethyl ether, ethylene glycol monoethyl
ether, butanediol monopropy! ether, propylene glycol mono-
propyl ether, and ethylene glycol monopropyl ether; acetone;
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acetonitrile; tetrahydrofuran, etc. Particularly preferable is a
solvent with a boiling point of 100° C. or less.

The amount of the organic solvent to be used is preferably
in the range of 0 to 1,000 mL, and particularly preferably 0 to
500 mL per 1 mol of the monomers. If the amount is in such
a range, a reaction vessel does not become excessively large,
therefore it is economical.

Thereafter, if necessary, neutralization reaction of the cata-
lyst is carried out, and alcohol produced by hydrolysis con-
densation reaction is removed under reduced pressure to
obtain a reaction mixture aqueous solution. The amount of an
alkaline substance to be used for neutralization is preferably
0.1 to 2 equivalent weight with respect to an acid used as the
catalyst. The alkaline substance may be any substance so long
as it shows basicity in water.

Subsequently, itis preferable that by-products such as alco-
hol produced by hydrolysis condensation reaction be
removed from the reaction mixture. The temperature for heat-
ing the reaction mixture is preferably in the range ot 0 to 100°
C., more preferably 10 to 90° C., and much more preferably
15 to 80° C. though it is depending on the kinds of the added
organic solvent and the alcohol produced by reaction. Degree
of vacuum in this operation is preferably an atmospheric
pressure or less, more preferably 80 kPa orless in the absolute
pressure, and much more preferably 50 kPa or less in the
absolute pressure though it is depending on the kinds of the
organic solvent and the alcohol to be removed, an exhausting
equipment, a condensation equipment, and heating tempera-
ture. Although it is difficult to know exactly the amount of the
alcohol removed, it is preferable that about 80% by mass or
more of the produced alcohol and so forth be removed.

Next, the acid catalyst used for hydrolysis condensation
may be removed from the reaction mixture. A method for
removing the acid catalyst may be to mix water and the
polysiloxane, and then extract the polysiloxane by an organic
solvent. As the organic solvent, an organic solvent that can
dissolve the polysiloxane, and be separated into two layers
when mixed with water is preferably used. Illustrative
examples thereof include methanol, ethanol, 1-propanol,
2-propanol, 1-butanol, 2-butanol, 2-methyl-1-propanol,
acetone, tetrahydrofuran, toluene, hexane, ethyl acetate,
cyclohexanone, methyl amyl ketone, butanediol monomethyl
ether, propylene glycol monomethyl ether, ethylene glycol
monomethyl ether, butanediol monoethyl ether, propylene
glycol monoethyl ether, ethylene glycol monoethyl ether,
butanediol monopropyl ether, propylene glycol monopropyl
ether, ethylene glycol monopropyl ether, propylene glycol
dimethyl ether, diethylene glycol dimethyl ether, propylene
glycol monomethyl ether acetate, propylene glycol monoet-
hyl ether acetate, ethyl pyruvate, butyl acetate, methyl
3-methoxy propionate, ethyl 3-ethoxy propionate, t-butyl
acetate, t-butyl propionate, propylene glycol mono-t-butyl
ether acetate, y-butyrolactone, methyl isobutyl ketone, cyclo-
pentyl methyl ether, etc., and mixture thereof.

Moreover, a mixture of a water-soluble organic solvent and
a slightly water-soluble organic solvent can also be used.
Preferable examples thereof include methanol+ethyl acetate
mixture, ethanol+ethyl acetate mixture, 1-propanol+ethyl
acetate mixture, 2-propanol+ethyl acetate mixture, butane-
diol monomethyl ether+ethyl acetate mixture, propylene gly-
col monomethyl ether+ethyl acetate mixture, ethylene glycol
monomethyl ether+ethyl acetate mixture, butanediol mono-
ethyl ether+ethyl acetate mixture, propylene glycol monoet-
hyl ether+ethyl acetate mixture, ethylene glycol monoethyl
ether+ethyl acetate mixture, butanediol monopropy! ether+
ethyl acetate mixture, propylene glycol monopropyl ether+
ethyl acetate mixture, ethylene glycol monopropyl ether+
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ethyl acetate mixture, methanol+methyl isobutyl ketone
mixture, ethanol+methyl isobutyl ketone mixture, 1-pro-
panol+methyl isobutyl ketone mixture, 2-propanol+methyl
isobutyl ketone mixture, propylene glycol monomethyl
ether+methyl isobutyl ketone mixture, ethylene glycol
monomethyl ether+methyl isobutyl ketone mixture, propy-
lene glycol monoethyl ether+methyl isobutyl ketone mixture,
ethylene glycol monoethyl ether+methyl isobutyl ketone
mixture, propylene glycol monopropyl ether+methyl isobutyl
ketone mixture, ethylene glycol monopropyl ether+methyl
isobutyl ketone mixture, methanol+cyclopentyl methyl ether
mixture, ethanol+cyclopentyl methyl ether mixture, 1-pro-
panol+cyclopentyl methyl ether mixture, 2-propanol+cyclo-
pentyl methyl ether mixture, propylene glycol monomethyl
ether+cyclopentyl methyl ether mixture, ethylene glycol
monomethyl ether+cyclopentyl methyl ether mixture, propy-
lene glycol monoethyl ether+cyclopentyl methyl ether mix-
ture, ethylene glycol monoethyl ether+cyclopentyl methyl
ether mixture, propylene glycol monopropyl ether+cyclopen-
tyl methyl ether mixture, ethylene glycol monopropyl ether+
cyclopentyl methyl ether mixture, methanol+propylene gly-
col methyl ether acetate mixture, ethanol+propylene glycol
methyl ether acetate mixture, 1-propanol+propylene glycol
methyl ether acetate mixture, 2-propanol+propylene glycol
methyl ether acetate mixture, propylene glycol monomethyl
ether+propylene glycol methyl ether acetate mixture, ethyl-
ene glycol monomethyl ether+propylene glycol methyl ether
acetate mixture, propylene glycol monoethyl ether+propy-
lene glycol methyl ether acetate mixture, ethylene glycol
monoethyl ether+propylene glycol methyl ether acetate mix-
ture, propylene glycol monopropyl ether+propylene glycol
methyl ether acetate mixture, ethylene glycol monopropyl
ether+propylene glycol methyl ether acetate mixture, etc., but
are not restricted to the combination of these mixtures.

The mixing ratio of the water-soluble organic solvent and
the slightly water-soluble organic solvent is appropriately
determined. The amount of the water-soluble organic solvent
is preferably in the range 0f 0.1 to 1,000 parts by mass, more
preferably 1 to 500 parts by mass, and much more preferably
2 to 100 parts by mass, based on 100 parts by mass of the
slightly water-soluble organic solvent.

Subsequently, the reaction mixture may be washed with
neutral water. The neutral water may be water called deion-
ized water or ultrapure water. The amount of the water is
preferably in the range 0of 0.01 to 100 L, more preferably 0.05
to 50 L, and much more preferably 0.1 to 5 L per 1 L of the
polysiloxane solution. The washing may be carried out in
such a way that the both the polysiloxane solution and water
are mixed in a vessel by stirring, and then settled to separate
a water layer. The number of washing may be one or more,
and preferably about 1 to 5 times because washing of 10 times
or more is not worth to have full effects thereof.

Other methods for removing the acid catalyst include a
method using an ion-exchange resin, and a method for remov-
ing an acid catalyst after neutralization with epoxy com-
pounds such as ethylene oxide and propylene oxide. These
methods can be appropriately selected according to the acid
catalyst used in the reaction.

In the operation of water-washing, there is a case that a part
of the polysiloxane escapes into a water layer, thereby sub-
stantially the same effect as fractionation operation is
obtained. Therefore, the number of washing and the amount
of water for washing may be appropriately determined in
view of effects of catalyst removal and fractionation.

A final solvent is then added to the polysiloxane solution
even when the acid catalyst remains therein or has been
removed therefrom, and solvent-exchange is thereby per-
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formed under reduced pressure to obtain a desired solution of
the polysiloxane. The temperature during the solvent-ex-
change is preferably in the range of 0 to 100° C., more
preferably 10 to 90° C., and much more preferably 15 to 80°
C. though it is depending on the kinds of the reaction solvent
and the extraction solvent to be removed. Degree of vacuum
in this operation is preferably an atmospheric pressure or less,
more preferably 80 kPa or less in the absolute pressure, and
much more preferably 50 kPa or less in the absolute pressure
though it is depending on the kinds of the solvents to be
removed, an exhausting equipment, condensation equipment,
and heating temperature.

In this operation, sometimes the polysiloxane may become
unstable because the solvent was exchanged. This occurs due
to compatibility of the polysiloxane with the final solvent.
Thus, in order to prevent this from occurring, a stabilizer
mentioned later may be added thereto. The amount thereof to
be added is preferably in the range of 0 to 25 parts by mass,
more preferably 0 to 15 parts by mass, and much more pref-
erably O to 5 parts by mass, or 0.5 parts by mass or more when
it is added, based on 100 parts by mass of the polysiloxane
contained in the solution before the solvent-exchange. If nec-
essary, the stabilizer may be added to the solution before the
solvent-exchange operation.

The concentration of the polysiloxane solution is prefer-
ably in the range of 0.1 to 20% by mass. If the concentration
is in such a range, condensation reaction of the polysiloxane
does not progress; thereby the polysiloxane does not change
to the state that it cannot be dissolved into an organic solvent
again. Further, if the concentration is in such a range, the
amount of the solvent becomes appropriate, therefore it is
economical.

Preferable examples of the final solvent added to the pol-
ysiloxane solution include alcohol solvents, and particularly
monoalkyl ether derivatives of ethylene glycol, diethylene
glycol, triethylene glycol, propylene glycol, dipropylene gly-
col, butanediol, or the like. Illustrative examples thereof
include butanediol monomethyl ether, propylene glycol
monomethyl ether, ethylene glycol monomethyl ether,
butanediol monoethyl ether, propylene glycol monoethyl
ether, ethylene glycol monoethyl ether, butanediol monopro-
pyl ether, propylene glycol monopropyl ether, ethylene glycol
monopropyl ether, etc.

In addition, if these solvents are a main solvent, a non-
alcoholic solvent may be added thereinto as an adjuvant sol-
vent. [llustrative examples of this adjuvant solvent include
acetone, tetrahydrofuran, toluene, hexane, ethyl acetate,
cyclohexanone, methyl amyl ketone, propylene glycol dim-
ethyl ether, diethylene glycol dimethyl ether, propylene gly-
col monomethyl ether acetate, propylene glycol monoethyl
ether acetate, ethyl pyruvate, butyl acetate, methyl 3-methoxy
propionate, ethyl 3-ethoxy propionate, t-butyl acetate, t-butyl
propionate, propylene glycol mono-t-butyl ether acetate,
y-butyrolactone, methyl isobutyl ketone, cyclopentyl methyl
ether, etc.

As an alternative operation manner, water or a water-con-
taining organic solvent may be added to the monomers or an
organic solution of the monomers to start hydrolysis reaction.
In the manner, the catalyst may be added to the monomers or
the organic solution of the monomers, or may be added to the
water or the water-containing organic solvent. The reaction
temperature is preferably in the range of 0 to 100° C., and
more preferably 10 to 80° C. A method including heating the
mixture at 10 to 50° C. while water is added dropwise, and
then increasing the temperature to 20 to 80° C. to age the
mixture is preferable.
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As the organic solvent, water-soluble solvent is preferable,
and illustrative examples thereof include alcohols such as
methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2-bu-
tanol, and 2-methyl-1-propanol; polyvalent alcohol conden-
sate derivatives such as butanediol monomethyl ether, propy-
lene glycol monomethyl ether, ethylene glycol monomethyl
ether, butanediol monoethyl ether, propylene glycol monoet-
hyl ether, ethylene glycol monoethyl ether, butanediol mono-
propyl ether, propylene glycol monopropyl ether, ethylene
glycol monopropyl ether, propylene glycol dimethyl ether,
diethylene glycol dimethy] ether, propylene glycol monom-
ethyl ether acetate, propylene glycol monoethyl ether acetate,
and propylene glycol monopropyl ether; acetone; tetrahydro-
furan; acetonitrile, etc., and a mixture thereof.

The amount of the organic solvent to be used may be the
same amount as above. The obtained reaction mixture may be
post-treated like the above-mentioned method to obtain the
polysiloxane.

Alternatively, the polysiloxane used in the composition for
forming a silicon-containing film of the present invention
may be produced, for example, by hydrolysis condensation of
the compounds represented by the formula (A-1), and if nec-
essary, the compounds represented by the formula (A-3), in
the presence of a base catalyst.

Tlustrative examples of the base catalyst include methy-
lamine, ethylamine, propylamine, butylamine, ethylenedi-
amine, hexamethylenediamine, dimethylamine, diethy-
lamine, ethylmethylamine, trimethylamine, triethylamine,
tripropylamine, tributylamine, cyclohexylamine, dicyclo-
hexylamine, monoethanolamine, diethanolamine, dimethyl-
monoethanolamine, monomethyl-diethanolamine, triethano-
lamine, diazabicyclooctane, diazabicyclocyclononene,
diazabicycloundecene, hexamethylenetetramine, aniline,
N,N-dimethylaniline, pyridine, N,N-dimethylaminopyri-
dine, pyrrole, piperazine, pyrrolidine, piperidine, picoline,
tetramethylammonium hydroxide, choline hydroxide, tetra-
propylammonium hydroxide, tetrabutylammonium hydrox-
ide, ammonia, lithium hydroxide, sodium hydroxide, potas-
sium hydroxide, barium hydroxide, calcium hydroxide, etc.
The amount of the catalyst to be used is usually in the range of
1x107% to 10 mol, preferably 1x107> to 5 mol, more prefer-
ably 1x107* to 1 mol per 1 mol of the monomers.

The amount of water for obtaining the polysiloxane by
hydrolysis condensation of these monomers is preferably in
the range of 0.1 to 50 mol per 1 mol of a hydrolysable
substituent bonded to the monomers. If the amount is 50 mol
or less, a reaction device does not become excessively large,
therefore it is economical.

As an operation manner, the monomers are added to a
catalyst aqueous solution to start hydrolysis condensation
reaction. In the manner, an organic solvent may be added to
the catalyst aqueous solution, the monomers may be diluted
with an organic solvent, or both may be performed. The
reaction temperature is preferably in the range of 0 to 100° C.,
and more preferably 5 to 80° C. A method including main-
taining the temperature at 5 to 80° C. while the monomers are
added dropwise, and then aging the mixture at 20 to 80° C. is
preferable.

As the organic solvent that can be added to the base catalyst
aqueous solution, or can dilute the monomers, the same sol-
vents as those exemplified for the organic solvent that can be
added to the acid catalyst aqueous solution are preferably
used. The amount of the organic solvent to be used is prefer-
ably in the range of 0 to 1,000 mL, and particularly preferably
0 to 500 mL per 1 mol of the monomers. By using such an
amount, a reaction vessel does not become excessively large,
therefore it is economical.
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Thereafter, if necessary, neutralization reaction of the cata-
lyst is carried out, and alcohol produced by hydrolysis con-
densation reaction is removed under reduced pressure to
obtain a reaction mixture aqueous solution. The amount of an
acid substance to be used for neutralization is preferably 0.1
to 2 equivalent weight with respect to basic substance used as
the catalyst. The acid substance may be any substance so long
as it shows acidity in water.

Subsequently, itis preferable that by-products such as alco-
hol produced by hydrolysis condensation reaction be
removed from the reaction mixture. The temperature for heat-
ing the reaction mixture and degree of vacuum may be the
same temperature and degree of vacuum as in the case of
using the acid catalyst.

Next, the base catalyst used for hydrolysis condensation
may be removed from the reaction mixture. A method for
removing the base catalyst may be to mix water and the
polysiloxane, and then extract the polysiloxane by an organic
solvent. As the organic solvent, the same solvent as those
exemplified for the organic solvent used for removing the acid
catalyst as mentioned above may be used.

Furthermore, a mixture of a water-soluble organic solvent
and a slightly water-soluble organic solvent can also be used.
As the mixture of a water-soluble organic solvent and a
slightly water-soluble organic solvent, the same mixture as
exemplified above for the mixture used for removing the acid
catalyst may be used.

The mixing ratio of the water-soluble organic solvent and
the slightly water-soluble organic solvent may be the same
ratio as those used for removing the acid catalyst.

Subsequently, the reaction mixture may be washed with
neutral water. The neutral water may be water called deion-
ized water or ultrapure water. The amount of the water, the
washing method, and the number of washing may be the same
as in the case of using the acid catalyst.

Also, in the operation of water-washing, there is a case that
a part of the polysiloxane escapes into a water layer, thereby
substantially the same effect as fractionation operation is
obtained. Therefore, the number of washing and the amount
of water for washing may be appropriately determined in
view of effects of catalyst removal and fractionation.

A final solvent is then added to the polysiloxane solution
even when the base catalyst remains therein or has been
removed therefrom, and solvent-exchange is thereby per-
formed under reduced pressure to obtain a desired solution of
the polysiloxane. The temperature and degree of vacuum
during the solvent-exchange, and final concentration of the
polysiloxane solution may be the same in the case of using the
acid catalyst.

Also, the final solvent added to the polysiloxane solution
may be the same as in the case of using the acid catalyst.

Moreover, a stabilizer may be added thereto like the case of
using the acid catalyst.

As an alternative operation manner, water or a water-con-
taining organic solvent may be added to the monomers or an
organic solution of the monomers to start hydrolysis reaction.
In the manner, the catalyst may be added to the monomers or
the organic solution of the monomers, or may be added to the
water or the water-containing organic solvent. The reaction
temperature is preferably in the range of 0 to 100° C., and
more preferably 10 to 80° C. A method including heating the
mixture at 10 to 50° C. while water is added dropwise, and
then increasing the temperature to 20 to 80° C. to age the
mixture is preferable.

When the organic solvent is used, the same solvents as in
the case of using the acid catalyst may be used.
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The molecular weight of the polysiloxane thus obtained
can be adjusted not only by selecting monomers, but also
controlling reaction conditions during polymerization. The
weight average molecular weight of the polysiloxane is pref-
erably 100,000 or less, more preferably in the range 0of 200 to
50,000, and much more preferably 300 to 30,000. If the
weight average molecular weight is 100,000 or less, genera-
tion of foreign matters and coating spots can be suppressed.

Meanwhile, the above weight average molecular weight is
obtained as data, in terms of polystyrene as a reference mate-
rial, by means of gel-permeation chromatography (GPC)
using refractive index (RI) detector as a detector and tetrahy-
drofuran as an eluent.

(Other Additives)

To improve stability of the composition for forming a sili-
con-containing film of the present invention, a monovalent,
divalent or more polyvalent organic acid having 1 to 30 car-
bon atoms is preferably added thereinto. Preferable examples
of'the organic acid include formic acid, acetic acid, propionic
acid, butanoic acid, pentanoic acid, hexanoic acid, heptanoic
acid, octanoic acid, nonanoic acid, decanoic acid, oleic acid,
stearic acid, linoleic acid, linolenic acid, benzoic acid,
phthalic acid, isophthalic acid, terephthalic acid, salicylic
acid, trifluoroacetic acid, monochloroacetic acid, dichloro-
acetic acid, trichloroacetic acid, oxalic acid, malonic acid,
methylmalonic acid, ethylmalonic acid, propylmalonic acid,
butylmalonic acid, dimethylmalonic acid, diethylmalonic
acid, succinic acid, methylsuccinic acid, glutaric acid, adipic
acid, itaconic acid, maleic acid, fumaric acid, citraconic acid,
citric acid, etc. Especially, oxalic acid, maleic acid, formic
acid, acetic acid, propionic acid, citric acid, and the like are
preferable. To keep stability, two or more kinds of these acids
may be used as a mixture. The amount thereof to be added is
preferably in the range of 0.001 to 25 parts by mass, more
preferably 0.01 to 15 parts by mass, and much more prefer-
ably 0.1 to 5 parts by mass, based on 100 parts by mass of the
polysiloxane contained in the composition.

Alternatively, the organic acid is preferably added such that
pH of the composition becomes preferably O=pH<7, more
preferably 0.3<pH=<6.5, and much more preferably
0.5=pH=<6.

Moreover, water may be added to the composition for
forming a silicon-containing film of the present invention.
When water is added thereinto, the polysiloxane is hydrated
whereby improving a lithography performance. Water con-
tent in the solvent component ofthe composition is preferably
more than 0% and less than 50% by mass, more preferably in
the range of 0.3 to 30% by mass, and much more preferably
0.5 to 20% by mass.

The amount of all solvents including water is preferably in
the range of 100 to 100,000 parts by mass, and more prefer-
ably 200 to 50,000 parts by mass, based on 100 parts by mass
of the base polymer (polysiloxane). By adding in such an
amount, lithography performance can be improved, and uni-
formity of the coated film does not tend to be deteriorated,
thereby causing of eye holes can be suppressed.

An acid generator which generates an acid by the action of
heat, light, or both may be added to the composition for
forming a silicon-containing film used in the present inven-
tion. [llustrative examples of the acid generator include acid
generators described in paragraphs (0061) to (0084) of Japa-
nese Patent Laid-Open Publication No. 2007-199653.

An organic compound containing fluorine may be added to
the composition for forming a silicon-containing film used in
the present invention. Illustrative examples thereof include
the following compounds.
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The organic compound containing fluorine is not particu-
larly limited so long as it can be dissolved in a solvent used for
the composition for forming a silicon-containing film. For
example, an organic compound containing one or more of
repeating units represented by the following formulae (F1) to
(F4) is preferred.

FD

H RFI

5L
H LFl
\

R? (CHp)my
RF3 RFG
RF4 RFS
F2)
H RF7
)
H 0
o\ CF;3
L2 ORF®
CF;3
nf
F3)
H R7
)
H 0
0
\
(CH) of
RF10 CF,
CF
eat )< 3
RF]Z 0O ORF13
F4)
H RF14
)
H 0
0
\
RFIS

In these formulae, each of R”*, R7, R¥®, and R inde-
pendently represent a hydrogen atom, a methyl group, a fluo-
rine atom, or a trifluoromethyl group.

Each of R™? to R”® independently represent a hydrogen
atom, a fluorine atom, a trifluoromethyl group, —C(CF;),
OR®®_ or an alkyl group or an alkoxy group having 1 to 5
carbon atoms and whose one or more hydrogen atom(s) may
be substituted by a fluorine atom(s), and one or more of R*2
to R¥S are a fluorine atom, or a group containing fluorine.
When R to R7® are the alkoxy group having 1 to 5 carbon
atoms and whose one or more hydrogen atom(s) may be
substituted by a fluorine atom(s), illustrative examples
thereof include a methoxy group, an ethoxy group, a n-pro-
POXy group, an isopropoxy group, a n-butoxy group, a s-bu-
toxy group, a t-butoxy group, a cyclobutoxy group, a n-pen-
toxy group, and a cyclopentoxy group. A part of or all of
hydrogen atom(s) in the groups may be substituted by a
fluorine atom(s).
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Each of R™S, R”®, and R™*? independently represents a
hydrogen atom, or a linear, branched, or cyclic monovalent
organic group having 1 to 22 carbon atoms. As the monova-
lent organic group, various protecting group of hydroxyl
group can be used. Examples thereof include a monovalent
hydrocarbon group such as a methyl group, an ethyl group, a
propyl group, an isopropyl group, a n-butyl group, a s-butyl
group, a t-butyl group, a t-amyl group, a n-pentyl group, a
n-hexyl group, a n-heptyl group, a n-octyl group, a n-nonyl
group, a n-decyl group, an icosanyl group, a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group, a cyclopen-
tylmethyl group, a cyclopentylethyl group, a cyclopentylbu-
tyl group, a cyclohexyl group, a cyclohexylmethyl group, a
cyclohexylethyl group, a cyclohexylbutyl group, a methylcy-
clohexylmethyl group, an ethylcyclohexylmethyl group, an
ethylcyclohexylethyl group, and a bicyclo[2.2.1]heptyl
group. In the monovalent hydrocarbon groups, a part of
hydrogen atom(s) may be substituted by a halogen atom(s),
and —CH,— which constitutes the hydrocarbon groups may
be substituted by —O— or —C(—0)—.

Examples of R7*S, R”® and R”*? include groups repre-
sented by the following formulae (R1-1) and (R1-2), atertiary
alkyl group having 4 to 20 carbon atoms, and in particular, 4
to 15 carbon atoms, a trialkylsilyl group having alkyl groups
each having 1 to 5 carbon atoms, an oxoalkyl group having 4
to 20 carbon atoms, and in particular, 4 to 15 carbon atoms,
and an acyl group having 1 to 10 carbon atoms.

o (R1-1)

R
--- -l—ORL(B
I
RLOZ
(R1-2)
0
----- (CH,),—C— ORI

In these formulae, the dotted line represents an atomic
bonding (hereinafter as the same). R*°! and R*°? represent a
hydrogen atom, or a linear, branched, or cyclic alkyl group
having 1 to 18 carbon atoms, preferably 1 to 10 carbon atoms.
Ilustrative examples thereof include a methyl group, an ethyl
group, a propyl group, an isopropy! group, a n-butyl group, a
s-butyl group, a t-butyl group, a cyclopentyl group, a cyclo-
hexyl group, a 2-ethylhexyl group, a n-octyl group, a nor-
bornyl group, a tricyclodecanyl group, a tetracyclododecanyl
group, and an adamantyl group. RZ%* represents a monovalent
hydrocarbon group having 1 to 18 carbon atoms, preferably 1
to 10 carbon atoms, which may have a hetero atom such as an
oxygen atom. Examples thereof include a linear, branched, or
cyclic alkyl group in which a part of hydrogen atom(s) thereof
is/are substituted by a hydroxyl group(s), an alkoxy group(s),
an oxo group(s), an amino group(s), or an alkylamino
group(s). lllustrative examples thereof include substituted
alkyl groups described below.
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RZ°! and R*%2, R*°! and R*%*, or RX°? and R*®* may bond
together to form a ring with carbon and oxygen atoms to
which they are bonded. When R*°!, R*°2, and R*%* form a
ring, each of R*®', R¥2 and R*°® represents a linear or
branched alkylene group having 1 to 18 carbon atoms, pref-
erably 1 to 10 carbon atoms.

RE%* represents a tertiary alkyl group having 4 to 20 carbon
atoms, preferably 4 to 15 carbon atoms, a trialkylsilyl group
whose each alkyl group has 1 to 6 carbon atoms, an oxoalkyl
group having 4 to 20 carbon atoms, or a group represented by
the formula (R1-1). Illustrative examples of the tertiary alkyl
group include a t-butyl group, a t-amyl group, a 1,1-diethyl-
propyl group, a 2-cyclopentylpropan-2-yl group, a 2-cyclo-
hexylpropan-2-yl group, a 2-(bicyclo[2.2.1]heptan-2-yl)pro-
pan-2-yl group, a 2-(adamantan-1-yl)propan-2-yl group, a
1-ethylcyclopentyl group, a 1-butylcyclopentyl group, a
1-ethylcyclohexyl group, a 1-butylcyclohexyl group, a
1-ethyl-2-cyclopentenyl group, a 1-ethyl-2-cyclohexenyl
group, a 2-methyl-2-adamantyl group, and a 2-ethyl-2-ada-
mantyl group. [llustrative examples of the trialkylsilyl group
include a trimethylsilyl group, a triethylsilyl group, and a
dimethyl-t-butylsilyl group. Illustrative examples of the
oxoalkyl group include a 3-oxocyclohexyl group, a 4-methyl-
2-oxooxan-4-yl group, and a S5-methyl-2-oxooxolan-5-yl
group. Illustrative examples of the acyl group include a
formyl group, an acetyl group, an ethylcarbonyl group, a
pivaloyl group, a methoxycarbonyl group, an ethoxycarbonyl
group, a t-butoxycarbonyl group, a trifluoroacetyl group, and
a trichloroacetyl group. “y” represents an integer of 0 to 6.

Among the protecting groups represented by the formula
(R1-1), linear and branched groups are specifically exempli-
fied by the following.

L/ L C
L C

o
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Tlustrative examples of cyclic groups of the protecting
groups represented by the formula (R1-1) include a tetrahy-
drofuran-2-yl group, a 2-methyltetrahydrofuran-2-yl group, a
tetrahydropyran-2-yl group, and a 2-methyltetrahydropyran-
2-yl group.

Tlustrative examples of the protecting groups represented
by the formula (R1-2) include a t-butoxycarbonyl group, a
t-butoxycarbonylmethyl group, a t-amyloxycarbonyl group,
a t-amyloxycarbonylmethyl group, a 1,1-diethylpropyloxy-
carbonyl group, a 1,1-diethylpropyloxycarbonylmethyl
group, a 1-ethylcyclopentyloxycarbonyl group, a 1-ethylcy-
clopentyloxycarbonylmethyl group, a 1-ethyl-2-cyclopente-
nyloxycarbonyl group, a 1-ethyl-2-cyclopentenyloxycarbon-
ylmethyl group, a 1-ethoxyethoxycarbonylmethyl group, a
2-tetrahydropyranyloxycarbonylmethyl group, and a 2-tet-
rahydrofuranyloxycarbonylmethyl group.

L represents a single bond or —C(=0)O—. “mf” rep-
resents O or 1.

L2 is a linear, branched, or cyclic divalent or trivalent
hydrocarbon group having 1 to 15 carbon atoms. Examples of
L72 include a group in which two or three hydrogen atoms are
eliminated from a hydrocarbon such as methane, ethane, pro-
pane, n-butane, n-pentane, n-hexane, n-heptane, n-octane,
n-nonane, n-decane, 2-methylpropane, 2-methylbutane, 2,2-
dimethylpropane, 2-methylpentane, 2-methylhexane, 2-me-
thylheptane, cyclopentane, cyclohexane, methylcyclopen-
tane, methylcyclohexane, ethylcyclopentane,
methylcycloheptane, ethylcyclohexane, 1-methyladaman-
tane, 2-methyladamantane, 1-ethyladamantane, and 2-ethy-
ladamantane.

“nf” represents 1 or 2.

Each of R”*° to R”*? independently represents a hydrogen
atom, a hydroxyl group, a halogen atom, or a linear, branched,
or cyclic monovalent organic group having 1 to 16 carbon
atoms. Two or more of R7*° to R**? in any combination may
bond together to form a ring with the carbon atom to which
they are bonded.

Examples of the linear, branched, or cyclic monovalent
organic group having 1 to 16 carbon atoms include a monova-
lent hydrocarbon group such as a linear, branched, or cyclic
alkyl group including a methyl group, an ethyl group, a propyl
group, an isopropyl group, a n-butyl group, a s-butyl group, a
t-butyl group, a t-amyl group, a n-pentyl group, a n-hexyl
group, a n-heptyl group, a n-octyl group, a n-nonyl group, a
n-decyl group, a cyclopropyl group, a cyclobutyl group, a
cyclopentyl group, a cyclopentylmethyl group, a cyclopen-
tylethyl group, a cyclopentylbutyl group, a cyclohexyl group,
a cyclohexylmethyl group, a cyclohexylethyl group, a cyclo-
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hexylbutyl group, and a methylcyclohexylmethyl group, an
ethylcyclohexylmethyl group, an ethylcyclohexylethyl
group, a bicyclo[2.2.1]heptyl group, a bicyclo[2.2.1]heptyl-
methyl group, a bicyclo[2.2.1]heptylethyl group, a bicyclo
[2.2.1]heptylbutyl group, a methylbicyclo[2.2.1]heptylm-
ethyl group, an ethylbicyclo[2.2.1]heptylmethyl group, an
ethylbicyclo[2.2.1]heptylethyl group, a propylene glycol
monopropyl ether; acetone; group, a bicyclo[2.2.2]octylethyl
group, a bicyclo[2.2.2]octylbutyl group, a methylbicyclo
[2.2.2]octylmethyl group, an ethylbicyclo[2.2.2]octylmethyl
group, an ethylbicyclo[2.2.2]octylethyl group, a tricyclo
[5.2.1.0*%]decyl group, a tricyclo[5.2.1.0%%|decylmethyl
group, a tricyclo[5.2.1.0*>%|decylethyl group, a tricyclo
[5.2.1.0*%]decylbutyl group, a methyltricyclo[5.2.1.0*¢]de-
cylmethyl group, an ethyltricyclo[5.2.1.0*%]decylmethyl
group, an ethyltricyclo[5.2.1.0%%]decylethyl group, an ada-
mantyl group, an adamantylmethyl group, an adamantylethyl
group, an adamantylbutyl group, a methyladamantylmethyl
group, an ethyladamantylmethyl group, an ethyladamantyl-
ethyl group, a tetracyclo[4.4.0.1%°.17*°]dodecyl group, a tet-
racyclo[4.4.0.1*°.17!%dodecylmethyl group, a tetra-
cyclo[4.4.0.1%°,17'°|dodecylethyl group, a tetracyclo
[4.4.0.1%°.17'°]dodecylbutyl group, an ethyltetracyclo
[4.4.0.1%°.17'°]dodecylmethyl group, and an ethyltetracyclo
[4.4.0.1%°.171°]dodecylethyl group, an aryl group including
a phenyl group, a methylphenyl group, a naphthyl group, an
anthryl group, and a phenanthryl group, and an aralkyl group
including a benzyl group, a diphenylmethyl group, and a
phenethyl group; an alkoxy group such as a methoxy group,
an ethoxy group, and a propoxy group; and an acyloxy group
such as a formyloxy group and an acetoxy group. In these
groups, a part of hydrogen atom(s) may be substituted by a
halogen atom(s), an alkyl group(s), an aryl group(s), an
alkoxy group(s), an alkoxycarbonyl group(s), an oxo
group(s), an alkoxyalkyl group(s), an acyloxy group(s), an
acyloxyalkyl group(s), or an alkoxyalkoxy group(s).

Two or more of R”° to R”*? in any combination may bond
together to form a ring with the carbon atom to which they are
bonded. Typical examples of combination of forming a ring
include RF'© and R', RF1° and R'2, and R and R¥*%. In
this case, examples of formed ring include an alicyclic hydro-
carbon having 3 to 12 carbon atoms such as cyclopropane,
cyclobutane, cyclopentane, cyclohexane, bicyclo[2.2.1]hep-
tane, bicyclo[2.2.2]octane, tricyclo[5.2.1.0*%]decane, ada-
mantane, and tetracyclo[4.4.0.1>°.17"°]dodecane. The
formed ring may be a fused ring containing these rings. A part
of hydrogen atom(s) in the alicyclic hydrocarbon may be
substituted by a hydroxyl group(s), a halogen atom(s), an
alkyl group(s), an aryl group(s), an alkoxy group(s), an
alkoxycarbonyl group(s), an oxo group(s), an alkoxyalkyl
group(s), an acyloxy group(s), an acyloxyalkyl group(s), or
an alkoxyalkoxy group(s).

“of” represents 0 or 1.

R**? represents a hydrocarbon group having 2 to 15 carbon
atoms whose one or more hydrogen atom(s) is/are substituted
by a fluorine atom(s). Examples of R™** include an ethyl
group, a propyl group, an isopropyl group, a n-butyl group, a
s-butyl group, a t-butyl group, a t-amyl group, a n-pentyl
group, a n-hexyl group, a n-heptyl group, a n-octyl group, a
n-nonyl group, a n-decyl group, a cyclopropyl group, a
cyclobutyl group, a cyclopentyl group, a cyclopentylmethyl
group, a cyclopentylethyl group, a cyclopentylbutyl group, a
cyclohexyl group, a cyclohexylmethyl group, a cyclohexyl-
ethyl group, a cyclohexylbutyl group, a methylcyclohexylm-
ethyl group, an ethylcyclohexylmethyl group, an ethylcyclo-
hexylethyl group, a bicyclo[2.2.1]heptyl group, and an
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adamantyl group whose a part of or all of hydrogen atoms are -continued
substituted by a fluorine atom.

Tlustrative examples of repeating unit represented by the
formula (F1) include, but not limited to, the following repeat- s
ing units.
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In these formulae, R** represents the same meanings as

before.

Tlustrative examples of repeating unit represented by the 65
formula (F2) include, but not limited to, the following repeat-

ing units.
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represents the same meanings as

In order to improve the solubility in a solvent and peelabil-
ity, one or more kinds of repeating units derived from a
monomer containing a carbon-carbon double bond other than
F,C—CF, the above-described repeating units may be introduced into
/ the organic compound containing fluorine. Examples of the

65 units include, but not limited to, repeating units shown below
CF,—CF;3 having any one or more of a hydroxyl group, an alkoxy group,
a carboxyl group, an ester group, and an ether structure.
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In these formulae, R®' represents a hydrogen atom, a
methyl group, a fluorine atom, a hydroxymethyl group, or a
trifluoromethyl group.

Ifnecessary, a crosslinker may be added to the composition
for forming a silicon-containing film used in the present
invention. [llustrative examples of the crosslinker include
crosslinkers described in paragraphs (0056) to (0059) of
Japanese Patent Laid-Open Publication No. 2007-199653.

If necessary, a polysiloxane containing a crosslinkable
organic group may be further added to the composition for
forming a silicon-containing film used in the present inven-
tion. [llustrative examples of such a polysiloxane include a
polysiloxane obtained by hydrolysis condensation of com-
pounds (monomers) represented by the formulae (A-1) and
(A-2) having an epoxy group, a phenolic hydroxyl group, or
a phenolic hydroxyl group bonded to a tertiary alkyl group.

If necessary, a surfactant may be added to the composition
for forming a silicon-containing film used in the present
invention. [llustrative examples of the surfactant include sur-
factants described in paragraph (0185) of Japanese Patent
Laid-Open Publication No. 2009-126940.

If necessary, a thermal crosslinking accelerator may be
added to the composition for forming a silicon-containing
film used in the present invention. [llustrative examples of the
thermal crosslinking accelerator include thermal crosslinking
accelerators described in Japanese Patent Laid-Open Publi-
cation No. 2007-302873.

The thermal crosslinking accelerator may be used one kind
alone, or in combination of two or more kinds thereof. The
amount of the thermal crosslinking accelerator to be added is
preferably in the range of 0.01 to 50 parts by mass, more
preferably 0.1 to 40 parts by mass, based on 100 parts by mass
of the base resin (the polysiloxane).

If necessary, an acid generator for thermal crosslinking
may be added to the composition for forming a silicon-con-
taining film used in the present invention. Illustrative
examples of the acid generator for thermal crosslinking
include acid generators for thermal crosslinking described in
Japanese Patent Laid-Open Publication No. 2007-226204.

The acid generator for thermal crosslinking may be used
one kind alone, or in combination of two or more kinds
thereof. The amount of the acid generator for thermal
crosslinking to be added preferably in the range 0f 0.001 to 20
parts by mass, more preferably 0.01 to 10 parts by mass,
based on 100 parts by mass of the base resin (the polysilox-
ane).

Here, the silicon content in the silicon-containing film is
defined as follows.

When the hydrolysable silicon compound represented by
the formula (A-1) is a monomer, a reaction in which water is
sufficiently added to the compound, resulting in hydrolysis
condensation, to obtain a polysiloxane is as follows.

R4, IRMQRMﬁSi(I(;ROAZ)g,A 14243 H(4-AT-A2-
A3)2)H,0—=R ™ 4 R™ R ASSIO((4—A1—A2—A3)/2)
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Herein, when the formula weight of R'#, R** ,R3*% .
moiety is R, the formula weight R, of the polysiloxane
obtained by hydrolysis condensation is represented by the
following equation.

R,=R,+28.1+16.0x((4-A1-A2-A3)/2)

As a result, the silicon content S, (% by mass) in the
polysiloxane is represented by the following equation.

S, =(28.1/R,)x100

When two or more kinds of monomers are mixed to obtain
a polysiloxane, R, of monomer 1 represents R, the molar
ratio thereof represents R ,,;, R, of monomer 2 represents R ,,
the molar ratio thereof represents R, ,, R, of monomer “n”
represents R ,,, and the molar ratio thereof represents R,,,,,. In

this case, the silicon content S, (% by mass) in the polysilox-
ane is represented by the following equation.

mls

S = {28.1 /Z (R X RSZ)} % 100
=1

When the amounts of the organic compound containing
fluorine and the crosslinker to be added to the composition
based on 100 g of the polysiloxane represent R, and Ry,
respectively, the silicon content S (% by mass) in the silicon-
containing film is represented by the following equation.

S=8,/(100+R,,+R 15,)

In the present invention, the silicon content in the silicon-
containing film needs to be 1% by mass or more and 30% by
mass or less, as described above. The silicon content is pref-
erably 5% by mass or more and 25% by mass or less. When
the silicon content is more than 30% by mass, a residue
generated in the insufficient peeling remains on the substrate
at the peeling step with the peeling liquid. In contrast, when
the silicon content is less than 1% by mass, dry etching
selectivity between the resist film and the organic under layer
film is deteriorated, and pattern formation by a three-layer
resist process is made difficult.

The silicon-containing film in the present invention can be
formed on the organic under layer film using the composition
for forming a silicon-containing film by a spin coating
method or the like, like the resist film. After spin coating, it is
desired to be baked for evaporating the solvent, preventing
from mixing with the resist film, and promoting crosslinking
reaction. The baking temperature is preferably in the range of
50to 500° C., and the heating time is preferably in the range
of 10 to 300 seconds. Particularly preferable temperature
range is 400° C. or less in order to reduce heat damage to the
devices though it is depending on the structure of the devices
to be fabricated.

The thickness of the silicon-containing film is not particu-
larly limited, and is preferably about 20 nm to about 100 nm.
[Resist Film]

The resist film formed on the silicon-containing film in the
present invention is not limited so long as it is formed by
applying a resist composition containing a polymer whose
polarity is changed by an acid action to change solubility
thereof in a developer. As such a resist composition, a known
resist composition can be used. The thickness of the resist
film is not particularly limited, and is preferably about 100 nm
to about 200 nm.
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<Method for Producing Semiconductor Apparatus Sub-
strate>

Hereinafter, the method for producing a semiconductor
apparatus substrate of the present invention will be described
in detail with reference to the drawing. FIG. 1 (FIG. 1 (0) to
(7)) is a flow chart showing one example of the method for
producing a semiconductor apparatus substrate of the present
invention.

In the method for producing a semiconductor apparatus
substrate of FIG. 1, a substrate 1 to be processed for produc-
ing a semiconductor apparatus is first prepared (FIG. 1 (0)),
an organic under layer film 2 is formed on the substrate 1 to be
processed for producing a semiconductor apparatus (FIG. 1
(1a)), a composition for forming a silicon-containing film is
applied to the organic under layer film 2, followed by heating,
to form a silicon-containing film 3 (FIG. 1 (16)), in a step (1).
The silicon content in the silicon-containing film 3 is set to be
1% by mass or more and 30% by mass or less. Then, in a step
(2), a resist composition is applied to the silicon-containing
film 3, to form a resist film 4 (FIG. 1 (2)). Then, in a step (3),
the resist film 4 is exposed (FIG. 1 (3a)), followed by devel-
opment, to form a resist pattern 4' (F1G. 1 (35)). Then, in a step
(4), the pattern is transferred to the silicon-containing film 3
by dry etching using the resist pattern 4' as a dry etching mask
(FIG.1(4)). Then, ina step (5), the pattern is transferred to the
organic under layer film 2 by dry etching using the silicon-
containing film 3 having the transferred pattern as a dry
etching mask (FIG. 1 (5)). At that time, the dry etching con-
dition is adjusted so that a part of or all of the silicon-contain-
ing film 3 remains on the organic under layer film 2. Then, in
a step (6), ions are implanted into the substrate 1 to be pro-
cessed for producing a semiconductor apparatus using the
pattern formed from a part of or all of the silicon-containing
film 3 and the organic under layer film 2 as a mask (FIG. 1
(6)). Then, in a step (7), the organic under layer film 2 used as
the mask on which a part of or all of the silicon-containing
film 3 remains is peeled with a peeling liquid and removed at
atime (FIG. 1 (7)).

In the step (3), exposure can be carried out by a known
method. As exposure light, for example, a KrF laser, an ArF
laser, or the like can be used.

In the step (3), development can be carried out by a known
method. For example, as a developer, an alkaline developer or
an organic solvent developer can be used. The developer may
be appropriately selected depending on the resist composition
to be used.

It is preferable that the ion implanted in the step (6) be any
of boron, phosphorous, arsenic, carbon, nitrogen, oxygen,
fluorine, argon, silicon, gallium, germanium, indium, and
antimony.

As described above, in the step (6) of the present invention,
ions can be implanted into the substrate to be processed for
producing a semiconductor apparatus using the pattern
formed from a part of or all of the silicon-containing film and
the organic under layer film as a mask.

In terms of efficiency of peeling, it is preferable that the
organic under layer film used as the mask for ion implantation
on which a part of or all of the silicon-containing film remains
be peeled with the peeling liquid at a time in the step (7) as
described above. Of course, the silicon-containing film and
the organic under layer film may be separately peeled.

It is preferable that a peeling liquid containing hydrogen
peroxide be used as the peeling liquid used in the peeling of
the step (7). Such a peeling liquid is particularly suitable for
peeling the silicon-containing film. To promote peeling, it is
preferable that an acid or an alkali be added to adjust the pH
of the peeling liquid. Examples of a pH adjustor include an
inorganic acid such as hydrochloric acid and sulfuric acid, an
organic acid such as acetic acid, oxalic acid, tartaric acid,
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citric acid, and lactic acid, an alkali containing nitrogen such
as ammonia, ethanolamine, and tetramethylammonium
hydroxide, and an organic acid compound containing nitro-
gen such as ethylenediamine tetraacetate (EDTA). Sulfuric
acid is particularly preferred.

Specifically, as a peeling liquid that does not cause damage
to the semiconductor apparatus substrate, a peeling liquid
which is generally used in a process of producing a semicon-
ductor such as a hydrogen peroxide-containing ammonia
aqueous solution called SC1, a hydrochloric acid containing
hydrogen peroxide called SC2, a sulfuric acid peroxide mix-
ture called SPM, or the like can be suitably used.

In the peeling of the step (7), for example, a peeling liquid
0f0° C.10200° C., preferably 5° C.to0 180° C. is prepared, and
the substrate to be processed having the formed organic under
layer film on which the silicon-containing film remains may
be immersed in the peeling liquid. If necessary, by an ordinary
procedure including spraying the peeling liquid on a surface
or applying the peeling liquid while the substrate to be pro-
cessed is rotated, the silicon-containing film can be easily
removed.

In the step (7), by additional treatment with a peeling liquid
containing fluorine ions after treatment with the peeling lig-
uid, the mask used for ion implantation can be more accu-
rately peeled.

In the step (7), by cleaning with a cleaning liquid contain-
ing ammonia after treatment with the peeling liquid, a residue
adhered to the semiconductor apparatus substrate after peel-
ing can be removed.

The number of residues on the substrate can be examined
by a microscope. In consideration of yield of chips on the
substrate, the number of residues is preferably 50 or less,
more preferably 10 or less.

According to the method for producing a semiconductor
apparatus substrate of the present invention, by adjusting the
silicon content in a silicon-containing film within a predeter-
mined range, an organic under layer film can be peeled and
removed, for example, with a peeling liquid, together with a
part of or all ofthe silicon-containing film that may remain on
the organic under layer film. Therefore, even when the pattern
formed from the silicon-containing film and the organic under
layer film is used as a mask for ion implantation, wet peeling
with a peeling liquid can be easily carried out after ion
implantation without causing damage to the semiconductor
apparatus substrate. Since processing is carried out by a three-
layer process without causing damage to the ion-implanted
substrate, the present invention is particularly suitable for
production of a three-dimensional transistor.

EXAMPLES

Hereinafter, the present invention will be specifically
described with reference to Synthesis Examples, Experimen-
tal Examples, Comparative Experimental Examples,
Examples, and Comparative Examples, but is not restricted to
the following description. In the following Examples, per-
centages were based on mass, and measurement of molecular
weight was based on GPC.

Synthesis of Silicon-Containing Compound
Synthesis Example 1
To a mixture of 400 g of ethanol, 5 g of 25% tetramethy-
lammonium hydroxide, and 200 g of deionized water, a mix-

ture of 19.8 g of Monomer 100 and 98.6 g of Monomer 110
was added, and the resulting mixture was held at 40° C. for 4
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hours to carry out hydrolysis condensation. After completion
of'the reaction, 2 g of acetic acid was added to neutralize the
resultant, and alcohol as a byproduct was removed under
reduced pressure. To the resultant, 1,200 mL of ethyl acetate
and 400 g of propylene glycol methyl ether acetate (herein-
after referred to as PGMEA) were added, and the water layer
was removed by separation. 300 mL of ion-exchanged water
was added to the remaining organic layer, and the mixture was
stirred, allowed to stand, and separated. This procedure was
repeated three times. 500 g of PGMEA was added to the
remaining organic layer, and the mixture was then concen-
trated under reduced pressure to obtain 850 g of solution of
Silicon-containing compound 1 (silicon content: 17%) in
PGMEA (compound concentration: 9.9%). The molecular
weight Mw thereof in terms of polystyrene was measured to
be 6,500.

Synthesis Example 2

To a mixture of 400 g of ethanol, 5 g of 25% tetramethy-
lammonium hydroxide, and 200 g of deionized water, a mix-
ture of 19.8 g of Monomer 100, 73.9 g of Monomer 110, and
23.6 g of Monomer 111 was added, and the resulting mixture
was held at 40° C. for 4 hours to carry out hydrolysis conden-
sation. After completion of the reaction, 2 g of acetic acid was
added to neutralize the resultant, and alcohol as a byproduct
was removed under reduced pressure. To the resultant, 1,200
ml ofeethyl acetate and 400 g of PGMEA were added, and the
water layer was removed by separation. 300 mL of ion-ex-
changed water was added to the remaining organic layer, and
the mixture was stirred, allowed to stand, and separated. This
procedure was repeated three times. 500 g of PGMEA was
added to the remaining organic layer, and the mixture was
then concentrated under reduced pressure to obtain 860 g of
solution of Silicon-containing compound 2 (silicon content:
17%) in PGMEA (compound concentration: 9.6%). The
molecular weight Mw thereof in terms of polystyrene was
measured to be 6,600.

Synthesis Example 3

To a mixture of 400 g of ethanol, 5 g of 25% tetramethy-
lammonium hydroxide, and 200 g of deionized water, a mix-
ture of 19.8 g of Monomer 100, 20.9 g of Monomer 103, and
73.9 g of Monomer 110 was added, and the resulting mixture
was held at 40° C. for 8 hours to carry out hydrolysis conden-
sation. After completion of the reaction, 2 g of acetic acid was
added to neutralize the resultant, and alcohol as a byproduct
was removed under reduced pressure. To the resultant, 1,200
ml ofeethyl acetate and 400 g of PGMEA were added, and the
water layer was removed by separation. 300 mL of ion-ex-
changed water was added to the remaining organic layer, and
the mixture was stirred, allowed to stand, and separated. This
procedure was repeated three times. 300 g of PGMEA was
added to the remaining organic layer, and the mixture was
then concentrated under reduced pressure to obtain 670 g of
solution of Silicon-containing compound 3 (silicon content:
19%) in PGMEA (compound concentration: 10.8%). The
molecular weight Mw thereof in terms of polystyrene was
measured to be 8,800.

Synthesis Example 4

To a mixture of 400 g of ethanol, 5 g of 25% tetramethy-
lammonium hydroxide, and 200 g of deionized water, a mix-
ture of 21.2 g of Monomer 104, 86.2 g of Monomer 110, and
18.6 g of Monomer 116 was added, and the resulting mixture
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was held at 40° C. for 8 hours to carry out hydrolysis conden-
sation. After completion of the reaction, 2 g of acetic acid was
added to neutralize the resultant, and alcohol as a byproduct
was removed under reduced pressure. To the resultant, 1,200
ml of ethyl acetate and 400 g of PGMEA were added, and the
water layer was removed by separation. 300 mL of ion-ex-
changed water was added to the remaining organic layer, and
the mixture was stirred, allowed to stand, and separated. This
procedure was repeated three times. 500 g of PGMEA was
added to the remaining organic layer, and the mixture was
then concentrated under reduced pressure to obtain 920 g of
solution of Silicon-containing compound 4 (silicon content:
16%) in PGMEA (compound concentration: 9.8%). The
molecular weight Mw thereof in terms of polystyrene was
measured to be 7,400.

Synthesis Example 5

To a mixture of 400 g of ethanol, 5 g of 25% tetramethy-
lammonium hydroxide, and 200 g of deionized water, a mix-
ture of 19.8 g of Monomer 100, 61.6 g of Monomer 110, and
41.8 g of Monomer 112 was added, and the resulting mixture
was held at 40° C. for 8 hours to carry out hydrolysis conden-
sation. After completion of the reaction, 2 g of acetic acid was
added to neutralize the resultant, and alcohol as a byproduct
was removed under reduced pressure. To the resultant, 1,200
ml of ethyl acetate and 400 g of PGMEA were added, and the
water layer was removed by separation. 300 mL of ion-ex-
changed water was added to the remaining organic layer, and
the mixture was stirred, allowed to stand, and separated. This
procedure was repeated three times. 500 g of PGMEA was
added to the remaining organic layer, and the mixture was
then concentrated under reduced pressure to obtain 940 g of
solution of Silicon-containing compound 5 (silicon content:
16%) in PGMEA (compound concentration: 9.4%). The
molecular weight Mw thereof in terms of polystyrene was
measured to be 7,200.

Synthesis Example 6

To a mixture of 120 g of methanol, 1 g of 70% nitric acid,
and 60 g of deionized water, a mixture of 94.6 g of Monomer
113 and 41.2 g of Monomer 114 was added, and the resulting
mixture was held at 40° C. for 12 hours to carry out hydrolysis
condensation. After completion of the reaction, 300 g of
propylene glycol monoethyl ether (hereinafter referred to as
PGEE) was added, and alcohol as a byproduct and excess
water were removed under reduced pressure. To the resultant,
1,200 mL of ethyl acetate was added, and the water layer was
removed by separation. 300 mL of ion-exchanged water was
added to the remaining organic layer, and the mixture was
stirred, allowed to stand, and separated. This procedure was
repeated three times. 600 g of PGEE was added to the remain-
ing organic layer, and the mixture was then concentrated
under reduced pressure to obtain 940 g of solution of Silicon-
containing compound (silicon content: 14%) in PGEE (com-
pound concentration: 9.4%). The molecular weight Mw
thereof in terms of polystyrene was measured to be 1,600.

Synthesis Example 7

To a mixture of 120 g of methanol, 0.1 g of 70% nitric acid,
and 60 g of deionized water, a mixture of 9.9 g of Monomer
100, 13.6 g of Monomer 101, and 94.6 g of Monomer 113 was
added, and the resulting mixture was held at 40° C. for 12
hours to carry out hydrolysis condensation. After completion
of the reaction, 300 g of PGEE was added, and alcohol as a
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byproduct and excess water were removed under reduced
pressure. To the resultant, 1,200 ml of ethyl acetate was
added, and the water layer was removed by separation. 300
ml of ion-exchanged water was added to the remaining
organic layer, and the mixture was stirred, allowed to stand,
and separated. This procedure was repeated three times. 600
g of PGEE was added to the remaining organic layer, and the
mixture was then concentrated under reduced pressure to
obtain 860 g of solution of Silicon-containing compound 7
(silicon content: 17%) in PGEE (compound concentration:
9.8%). The molecular weight Mw thereof in terms of poly-
styrene was measured to be 2,500.

Synthesis Example 8

To a mixture of 200 g of methanol, 0.2 g of 70% nitric acid,
and 100 g of deionized water, amixture of 11.4 g of Monomer
105, 67.6 gof Monomer 113, and 74.5 g of Monomer 116 was
added, and the resulting mixture was held at 40° C. for 12
hours to carry out hydrolysis condensation. After completion
of the reaction, 300 g of PGEE was added, and alcohol as a
byproduct and excess water were removed under reduced
pressure. To the resultant, 1,200 ml of ethyl acetate was
added, and the water layer was removed by separation. 300
ml of ion-exchanged water was added to the remaining
organic layer, and the mixture was stirred, allowed to stand,
and separated. This procedure was repeated three times. 800
g of PGEE was added to the remaining organic layer, and the
mixture was then concentrated under reduced pressure to
obtain 1,070 g of solution of Silicon-containing compound 8
(silicon content: 13%) in PGEE (compound concentration:
10.3%). The molecular weight Mw thereof in terms of poly-
styrene was measured to be 1,500.

Synthesis Example 9

To a mixture of 120 g of methanol, 0.1 g of 70% nitric acid,
and 60 g of deionized water, a mixture of 9.9 g of Monomer
100, 13.6 g of Monomer 101, 30.4 g of Monomer 102, and
41.2 g of Monomer 114 was added, and the resulting mixture
was held at 40° C. for 12 hours to carry out hydrolysis con-
densation. After completion of the reaction, 300 g of PGEE
was added, and alcohol as a byproduct and excess water were
removed under reduced pressure. To the resultant, 1,200 mL
of ethyl acetate was added, and the water layer was removed
by separation. 300 mL of ion-exchanged water was added to
the remaining organic layer, and the mixture was stirred,
allowed to stand, and separated. This procedure was repeated
three times. 400 g of PGEE was added to the remaining
organic layer, and the mixture was then concentrated under
reduced pressure to obtain 630 g of solution of Silicon-con-
taining compound 9 (silicon content: 25%) in PGEE (com-
pound concentration: 8.9%). The molecular weight Mw
thereof in terms of polystyrene was measured to be 3,100.

Synthesis Example 10

To a mixture of 120 g of methanol, 0.1 g of 70% nitric acid,
and 60 g of deionized water, a mixture of 5.0 g of Monomer
100, 17.0 g of Monomer 101, 34.2 g of Monomer 102, 18.6 g
of Monomer 116, 2.5 g of Monomer 117, and 5.2 g of Mono-
mer 118 was added, and the resulting mixture was held at 40°
C. for 12 hours to carry out hydrolysis condensation. After
completion of the reaction, 200 g of PGEE was added, and
alcohol as a byproduct and excess water were removed under
reduced pressure. To the resultant, 1,000 mL of ethyl acetate
was added, and the water layer was removed by separation.
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250 mL of ion-exchanged water was added to the remaining
organic layer, and the mixture was stirred, allowed to stand,
and separated. This procedure was repeated three times. 200
g of PGEE was added to the remaining organic layer, and the
mixture was then concentrated under reduced pressure to
obtain 380 g of solution of Silicon-containing compound 10
(silicon content: 29%) in PGEE (compound concentration:
10.9%). The molecular weight Mw thereof in terms of poly-
styrene was measured to be 2,500.

Synthesis Example 11

To a mixture of 120 g of methanol, 0.1 g of 70% nitric acid,
and 60 g of deionized water, a mixture of 9.9 g of Monomer
100, 13.6 g of Monomer 101, 30.4 g of Monomer 102, and
29.8 g of Monomer 115 was added, and the resulting mixture
was held at 40° C. for 12 hours to carry out hydrolysis con-
densation. After completion of the reaction, 300 g of PGEE
was added, and alcohol as a byproduct and excess water were
removed under reduced pressure. To the resultant, 1,200 mL
of ethyl acetate was added, and the water layer was removed
by separation. 300 mL of ion-exchanged water was added to
the remaining organic layer, and the mixture was stirred,
allowed to stand, and separated. This procedure was repeated
three times. 200 g of PGEE was added to the remaining
organic layer, and the mixture was then concentrated under
reduced pressure to obtain 430 g of solution of Silicon-con-
taining compound 11 (silicon content: 31%) in PGEE (com-
pound concentration: 10.4%). The molecular weight Mw
thereof in terms of polystyrene was measured to be 2,900.

Synthesis Example 12

To a mixture of 120 g of methanol, 0.1 g of 70% nitric acid,
and 60 g of deionized water, a mixture of 5.0 g of Monomer
100, 20.4 g of Monomer 101, 38.1 g of Monomer 102,2.5 ¢
of Monomer 117, and 5.2 g of Monomer 118 was added, and
the resulting mixture was held at 40° C. for 12 hours to carry
out hydrolysis condensation. After completion of the reac-
tion, 200 g of PGEE was added, and alcohol as a byproduct
and excess water were removed under reduced pressure. To
the resultant, 800 mL of ethyl acetate was added, and the
water layer was removed by separation. 200 mL of ion-ex-
changed water was added to the remaining organic layer, and
the mixture was stirred, allowed to stand, and separated. This
procedure was repeated three times. 200 g of PGEE was
added to the remaining organic layer, and the mixture was
then concentrated under reduced pressure to obtain 290 g of
solution of Silicon-containing compound 12 (silicon content:
38%) in PGEE (compound concentration: 11.0%). The
molecular weight Mw thereof in terms of polystyrene was
measured to be 3,200.

The monomers used in Synthesis Examples are as follows.

Monomer 100
OCH;

|

OCH;
Monomer 101
OCH;
H3;C—Si—OCH;

OCH;
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-continued
Monomer 102
OCH;
H3;CO—Si—OCH;
OCH;
Monomer 103
OC,Hs
CoHs0—Si—OC,Hs
OC,Hs
Monomer 104
(|)CH3
H;C @— Ti— OCH;
OCH;
Monomer 105
(|)CH3
H3C04®7?i—OCH3
OCH;
Monomer 110
OCH;
o |
Ti —OCH;
OCH;
Monomer 111
OCH;
o |
I>\/O\/\/ Ti —OCH;
OCH;
Monomer 112
OCH;
/\/\/ Si—OCH;
0 |
OCH;
o
Monomer 113
CH;3 (l)CH3
H;C +04®7?i—OCH3
CH;y OCH;
Monomer 114
H;C—O
OCH;
—Si—OCH;
o
OCH;
Monomer 115
OCH;
Cl \/\/ Ti —OCH;
OCH;
Monomer 116
F;C OH OCH;
Si—OCH;
F;C
OCH;
Monomer 117
H;PO,
Monomer 118
B(OCHj3)3
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[Preparation of Solution of Composition for Forming Silicon-

Containing Film]

Each silicon-containing compound obtained in Synthesis
Examples, additives, and solvents were mixed at a ratio
shown in Table 1A and 1B. The mixture was filtrated through 5
a 0.1 pm-fluoride resin filter, to prepare each solution of a
composition for forming a silicon-containing film as Sols. 1

92

to 25.
TABLE 1A
Additives
Silicon- Thermal
containing crosslinking Ultraviolet Silicon
compound accelerator  absorber Others Solvent  content
(parts by (parts by (parts by (parts by (parts (% by
No. mass) mass) mass) mass) by mass)  mass)
Sol. 1 1(4.0) BnTBAT — — PGMEA 17%
(0.04) (160)
Sol. 2 1(4.0) BnTBAT Uv-1 — PGMEA 15%
(0.04) (0.4) (160)
Sol. 3 2 (4.0) BnTBAT — — PGMEA 17%
(0.04) (160)
Sol. 4 2 (4.0) BnTBAT Uv-1 — PGMEA 15%
(0.04) (0.4) (160)
Sol. 5 3(4.0) BnTBAT — Fluorine- PGMEA 19%
(0.04) containing (160)
surfactant
FC-4430 (0.02)
Sol. 6 3(4.0) BnTBAT Uv-1 — PGMEA 17%
(0.04) (0.4) (160)
Sol. 7 4 (4.0) BnTBAT — — PGMEA 16%
(0.04) (160)
Sol. 8 4 (4.0) BnTBAT Uv-1 — PGMEA 15%
(0.04) (0.4) (160)
Sol. 9 5(4.0) BnTBAT — — PGMEA 16%
(0.04) (160)
Sol. 10 5(4.0) BnTBAT Uv-1 — PGMEA 15%
(0.04) (0.4) (160)
Sol. 11 5(4.0) BnTBAT Uv-1 Fluorine- PGMEA 13%
(0.04) 0.4) containing (160)
polymer
[Compound 120]
04
Sol. 12 6 (4.0) TPSMA — — PGEE/H,0 14%
(0.04) (150/10)
Sol. 13 6 (4.0) TPSMA uv-2 — PGEE/H,O 13%
(0.04) (0.4) (150/10)
TABLE 1B TABLE 1B-continued
Additives Additives
50
Silicon- Thermal Ultra- Silicon- Thermal Ultra-
containing crosslinking  violet Silicon containing crosslinking  violet Silicon
compound accelerator absorber Others  Solvent content compound accelerator absorber Others  Solvent content
(parts by (parts by  (parts by (partsby  (parts (% by (parts by (parts by (parts by (partsby  (parts (% by
No. mass) mass) mass) mass) bymass) mass) No. mass) mass) mass) mass) by mass) mass)
Sol. 14 7(4.0) TPSMA — — PGEE/H,0 17% 33 Sol. 21 10 (4.0) TPSMA — — PGEE/H,0 29%
(0.04) (150/10) (0.04) (150/10)
Sol. 15 7(4.0) TPSMA uv-2 — PGEE/H,0 16% Sol.22  11(4.0) TPSMA Uv-3 — PGEE/H,0 26%
(0.04) (0.4) (150/10) (0.04) (0.8) (150/10)
Sol. 16 8 (4.0) TPSMA — — PGEE/H,0 13% Sol.23  11(4.0) TPSMA — — PGEE/H,0 31%
(0.04) (150/10) (0.04) (150/10)
Sol.17  8(4.0)  TPSMA  UV-2 — PGEE/H,0 12% 60 Sol.24 12(40) TPSMA  UV-3 — PGEE/H,0 32%
(0.04) (0.4) (150/10) (0.04) (0.8) (150/10)
Sol. 18 9 (4.0) TPSMA Uv-3 — PGEE/H,0 21% Sol.25  12(4.0) TPSMA — — PGEE/H,0 38%
(0.04) (0.8) (150/10) (0.04) (150/10)
Sol. 19 9 (4.0) TPSMA — — PGEE/H,0 25%
(0.04) (150/10) ] ]
Sol.20 10 (4.0) TPSMA UV-3 — PGEE/H,0 24% 65 TPSMA: mono(triphenylsulfonium) maleate
(0.04) (0.8) (150/10) BnTBATT: benzyltributylammonium trifluoromethane-

sulfonate
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Fluorine-containing polymer:

Compound 120

O O
(@] O
CyFeH
OH
Ultraviolet Absorber:

OH

10
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Subsequently, an ArF resist solution for positive develop-
ment (PR-1) described in Table 2 was applied to each of Films
1 to 25, and baked at 110° C. for 60 seconds to form a
photoresist layer (resist film) having a thickness of 250 nm.

The resist film was exposed using an ArF exposure device
(manufactured by Nikon Corporation; NSR-S307E, NA:
0.85, o: 0.85, 0.93/0.85), baked (PEB) at 110° C. for 90
seconds, and developed with an aqueous solution 0£2.38% by
mass tetramethylammonium hydroxide (TMAH) for 30 sec-
onds, to obtain a 120 nm 1:1 positive line and space pattern. In
the resulting pattern, pattern collapse was observed by an
electron microscope (CG4000) manufactured by Hitachi

High-Technologies Corporation., and the cross-sectional

(UV-1)

tkwxx“?
|

tLAF% )\“ﬁ

Experimental Examples and Comparative
Experimental Examples

Patterning Test

A spin-on carbon film ODL-50 (carbon content: 80% by
mass) available from Shin-Etsu Chemical Co., L.td., having a
thickness of 200 nm was formed on a silicon wafer. The
solutions of compositions for forming a silicon-containing
film Sols. 1 to 25 were each applied thereto, and heated at
200° C. for 60 seconds to form silicon-containing films hav-
ing a thickness of 35 nm as Films 1 to 25.

(UV-2)

(UV-3)

> shape was observed by an electron microscope (S-9380)

60

65

manufactured by Hitachi, Ltd. The results are shown in Table
3.

TABLE 2
Polymer Acid generator Base Solvent
No. (parts by mass) (parts by mass) (parts by mass) (parts by mass)
PR-1 ArF resist PAG1 Quencher PGMEA
polymer 1 (0.2) (1.0) (600)

(10)
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ArF resist polymer 1: Molecular weight (Mw)=6,800

Distribution (Mw/Mn)=1.68
kﬁ
O (6]
Oi
(6]

/4i:iif
(@] O
@ :

Acid generator (PAG1): triphenylsulfonium nonafluorobu-
tanesulfonate

Base (Quencher): triethanolamine

TABLE 3
Silicon- Pattern cross-sectional Pattern
containing film shape after development collapse

Experimental Film 1 Vertical shape None
Example 1

Experimental Film 2 Vertical shape None
Example 2

Experimental Film 3 Vertical shape None
Example 3

Experimental Film 4 Vertical shape None
Example 4

Experimental Film 5 Vertical shape None
Example 5

Experimental Film 6 Vertical shape None
Example 6

Experimental Film 7 Vertical shape None
Example 7

Experimental Film 8 Vertical shape None
Example 8

Experimental Film 9 Vertical shape None
Example 9

Experimental Film 10 Vertical shape None
Example 10

Experimental Film 11 Vertical shape None
Example 11

Experimental Film 12 Vertical shape None
Example 12

Experimental Film 13 Vertical shape None
Example 13

Experimental Film 14 Vertical shape None
Example 14

Experimental Film 15 Vertical shape None
Example 15

Experimental Film 16 Vertical shape None
Example 16

Experimental Film 17 Vertical shape None
Example 17

Experimental Film 18 Vertical shape None
Example 18

Experimental Film 19 Vertical shape None
Example 19
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TABLE 3-continued
Silicon- Pattern cross-sectional Pattern
containing film shape after development collapse
Experimental Film 20 Vertical shape None
Example 20
Experimental Film 21 Vertical shape None
Example 21
Experimental Film 22 Vertical shape None
Example 22
Comparative Film 23 Vertical shape None
Experimental
Example 1
Comparative Film 24 Vertical shape None
Experimental
Example 2
Comparative Film 25 Vertical shape None
Experimental
Example 3
As shown in Table 3, in all of Experimental Examples 1 to
22 (Films 1 to 22) in which the silicon content in the silicon-

containing film was 1 to 30% by mass and Comparative
Experimental Examples 1 to 3 (Films 23 to 25) in which the
silicon content in the silicon-containing film was more than
30% by mass, a pattern having a vertical cross-sectional shape
was obtained, and pattern collapse did not occur.

Examples and Comparative Examples

Patter Etching, Ion Implantation, and Wet Peeling
Test

The silicon wafer on which the resist pattern was formed in
the patterning test was dry etched using the formed resist
pattern as a mask under a condition (1) to transfer the pattern
to the silicon-containing film. Subsequently, the spin-on car-
bon film was dry etched using the silicon-containing film
having the transferred pattern as a mask under a condition (2)
to transter the pattern to the spin-on carbon film. At that time,
a part of the silicon-containing film remained on the spin-on
carbon film.

(1) Etching condition using CHF,/CF, series gas

Device: dry etching device Telius SP manufactured by
Tokyo Electron Limited

Etching condition (1):

Chamber pressure: 10 Pa

Upper/Lower RF power: 500 W/300 W

CHF; gas flow rate: 50 mL/min

CF, gas flow rate: 150 mL/min

Ar gas flow rate: 100 mI/min

Treatment time: 40 sec
(2) Etching Condition Using O,/N, Series Gas

Device: dry etching device Telius SP manufactured by
Tokyo Electron Limited

Etching condition (2):

Chamber pressure: 2 Pa

Upper/Lower RF power: 1,000 W/300 W

O, gas flow rate: 300 mI/min

N, gas flow rate: 100 mI/min

Ar gas flow rate: 100 ml/min

Treatment time: 30 sec

Boron ions were implanted into the silicon wafer using the
spin-on carbon film having the pattern formed by dry etching
on which a part of the silicon-containing film remained as a
mask by an ion implanter EXCEED3000AH manufactured
by Nissin Ion Equipment Co., Ltd., under a condition of 80
keV and 7x10"%/cm>.
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Subsequently, the silicon wafer in which the ions were
implanted was peeled using sulfuric acid peroxide mixture
(H,S0,:H,0,:H,0=96:1:3). The spin-on carbon film used as
the mask on which a part of the silicon-containing film
remained was removed, and the number of residues of the
mask was counted using an optical microscope. The results
are shown in Table 4.

TABLE 4
Silicon Presence or absence
content (number) of mask
Silicon- in silicon- residues after peeling
containing containing  (treatment with sulfuric
film film acid peroxide mixture)
Example 1 Film 1 17% No residue (0)
Example 2 Film 2 15% No residue (0)
Example 3 Film 3 17% No residue (0)
Example 4 Film 4 15% No residue (0)
Example 5 Film 5 19% No residue (0)
Example 6 Film 6 17% No residue (0)
Example 7 Film 7 16% No residue (0)
Example 8 Film 8 15% No residue (0)
Example 9 Film 9 16% No residue (0)
Example 10 Film 10 15% No residue (0)
Example 11 Film 11 13% No residue (0)
Example 12 Film 12 14% No residue (0)
Example 13 Film 13 13% No residue (0)
Example 14 Film 14 17% No residue (0)
Example 15 Film 15 16% No residue (0)
Example 16 Film 16 13% No residue (0)
Example 17 Film 17 12% No residue (0)
Example 18 Film 18 21% No residue (0)
Example 19 Film 19 25% No residue (0)
Example 20 Film 20 24% No residue (0)
Example 21 Film 21 29% Residues (5)
Example 22 Film 22 26% No residue (0)
Comparative Film 23 31% Residues (50)
Example 1
Comparative Film 24 32% Residues (100)
Example 2
Comparative Film 25 38% Residues (1,000)
Example 3

As shown in Table 4, in Examples 1 to 22 using each of'the
silicon-containing films (Films 1 to 22) whose silicon content
is 1 to 30% by mass, the residue after peeling do not almost
remain. This shows that the mask used for ion implantation
can be peeled with a peeling liquid after the ion implantation.

In Comparative Examples 1 to 3 using each of the silicon-
containing films (Films 23 to 25) whose silicon content is
more than 30% by mass, the residue after peeling is observed.
This shows that the mask used for ion implantation cannot be
peeled with a peeling liquid after the ion implantation.

From the results mentioned above, it could be clarified that
according to the method for producing a semiconductor appa-
ratus substrate of the present invention, the mask used in ion
implantation can be easily peeled with a peeling liquid with-
out causing damage to the semiconductor apparatus substrate
in a method for producing a semiconductor apparatus sub-
strate using a silicon-containing film.

It is to be noted that the present invention is not restricted to
the foregoing embodiment. The embodiment is just an exem-
plification, and any examples that have substantially the same
feature and demonstrate the same functions and effects as
those in the technical concept described in claims of the
present invention are included in the technical scope of the
present invention.

What is claimed is:
1. A method for producing a semiconductor apparatus sub-
strate comprising the steps of:
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(1) forming an organic under layer film on a substrate to be
processed for producing a semiconductor apparatus, and
applying a composition for forming a silicon-containing
film on the organic under layer film, followed by heat-
ing, to form a silicon-containing film having a silicon
content of 1% by mass or more and 30% by mass or less;

(2) applying a resist composition on the silicon-containing
film to form a resist film, the resist composition contain-
ing a polymer whose polarity is changed by an acid
action to change solubility thereof in a developer;

(3) forming a resist pattern by exposing and developing the
resist film;

(4) transferring the pattern to the silicon-containing film by
dry etching using the resist pattern as a dry etching mask;

(5) transferring the pattern to the organic under layer film
by dry etching using the silicon-containing film to which
the pattern has been transferred as a dry etching mask, to
leave a part of or all of the silicon-containing film after
the pattern transferring, on the organic under layer film
to which the pattern has been transferred;

(6) implanting ions into the substrate to be processed for
producing a semiconductor apparatus using the organic
under layer film to which the pattern has been trans-
ferred as a mask; and

(7) peeling the organic under layer film used as the mask
for ion implantation on which a part of or all of the
silicon-containing film remains, with a peeling liquid.

2. The method for producing a semiconductor apparatus
substrate according to claim 1, wherein in the step (6), ions
are implanted into the substrate to be processed for producing
a semiconductor apparatus using the pattern formed from a
part of or all of the silicon-containing film and the organic
under layer film as a mask.

3. The method for producing a semiconductor apparatus
substrate according to claim 1, wherein in the step (7), the
organic under layer film used as the mask for ion implantation
on which a part of or all of the silicon-containing film remains
is peeled with the peeling liquid at a time.

4. The method for producing a semiconductor apparatus
substrate according to claim 2, wherein in the step (7), the
organic under layer film used as the mask for ion implantation
on which a part of or all of the silicon-containing film remains
is peeled with the peeling liquid at a time.

5. The method for producing a semiconductor apparatus
substrate according to claim 1, wherein the peeling liquid
contains hydrogen peroxide.

6. The method for producing a semiconductor apparatus
substrate according to claim 1, wherein the peeling liquid
contains sulfuric acid.

7. The method for producing a semiconductor apparatus
substrate according to claim 1, wherein in the step (7), the
treatment with the peeling liquid is followed by peeling with
another peeling liquid containing fluorine ions.

8. The method for producing a semiconductor apparatus
substrate according to claim 1, wherein in the step (7), the
treatment with the peeling liquid is followed by cleaning with
a cleaning liquid containing ammonia.

9. The method for producing a semiconductor apparatus
substrate according to claim 1, wherein the substrate to be
processed for producing a semiconductor apparatus is a semi-
conductor apparatus substrate on which a part of or all of
semiconductor circuit is formed or a material in which any of
a metal film, an amorphous metal film, a metal carbide film, a
metal oxide film, a metal nitride film, a metal oxycarbide film,
and a metal oxynitride film is formed on the semiconductor
apparatus substrate.
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10. The method for producing a semiconductor apparatus
substrate according to claim 9, wherein the metal comprises
silicon, titanium, tungsten, hafnium, zirconium, chromium,
germanium, copper, silver, gold, aluminum, indium, gallium,
arsenic, palladium, iron, tantalum, iridium, molybdenum, or
an alloy of these metals.

11. The method for producing a semiconductor apparatus
substrate according to claim 1, wherein the ion implanted is
any of boron, phosphorus, arsenic, carbon, nitrogen, oxygen,
fluorine, argon, silicon, gallium, germanium, indium, and
antimony.

12. The method for producing a semiconductor apparatus
substrate according to claim 1, wherein the composition for

forming a silicon-containing film contains at least a polysi-
loxane and a solvent.

13. The method for producing a semiconductor apparatus
substrate according to claim 2, wherein the composition for
forming a silicon-containing film contains at least a polysi-
loxane and a solvent.

14. The method for producing a semiconductor apparatus
substrate according to claim 12, wherein the polysiloxane
contains a crosslinkable organic group.
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15. The method for producing a semiconductor apparatus
substrate according to claim 14, wherein the crosslinkable
organic group is any of an epoxy group, a phenol group, and
a naphthol group.

16. The method for producing a semiconductor apparatus
substrate according to claim 12, wherein the polysiloxane
contains a halogenated organic group.

17. The method for producing a semiconductor apparatus
substrate according to claim 16, wherein halogen in the halo-
genated organic group is fluorine or chlorine.

18. The method for producing a semiconductor apparatus
substrate according to claim 12, wherein the composition for
forming a silicon-containing film further contains an acid
generator which generates an acid by an action of heat, light,
or both.

19. The method for producing a semiconductor apparatus
substrate according to claim 12, wherein the composition for
forming a silicon-containing film further contains an organic
compound containing fluorine.

20. The method for producing a semiconductor apparatus
substrate according to claim 12, wherein the composition for
forming a silicon-containing film further contains a
crosslinker.



